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ABSTRACT 
 The Lake St. Agnes Mound (16AV26) site, located in central Louisiana, is composed of 
two, temporally distinct burial components; one, a Coles Creek period component, at the base of 
the mound (~780-880 CE), and the other, a Plaquemine subperiod component, at its apex (~1400 
CE). These burials, though heavily fragmented, commingled, and representing small sample 
sizes, are valuable for studying the transition to agriculture in the Lower Mississippi River 
Valley. It is now clear that for the Coles Creek period, maize was likely only a ceremonial crop 
rather than a staple food source (Kidder, 1993; Listi, 2011). The reliance on maize agriculture in 
Plaquemine times is inconsistent. An exploration into the diet of the two Lake St. Agnes burial 
components may illuminate how or if maize agriculture spread into this region of Louisiana. 
 Both samples were assessed for the presence of dental caries, calculus, linear enamel 
hypoplasias, dental micro- and macrowear, and porotic cranial lesions. The results demonstrated 
few statistically significant differences between the samples. Both samples exhibited low levels 
of caries and linear enamel hypoplasia (~10%) but experienced higher rates of periodontal 
disease and porotic cranial lesions. What is suggested by these results is consistency over time in 
diet, rather than evidence for a dietary transition as would be expected with the adoption of 
agriculture. The variability within each sample regarding the dental micro- and macrowear is 
interpreted as both seasonal differences in the types of food available, as well as differences in 
the access, or preference towards certain types of foods, such as native garden crops over 
tougher, wild plants. 
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1. INTRODUCTION 
 Lake St. Agnes Mound (16AV26) is a moderate-sized, multicomponent site in central 
Louisiana that can be confidently dated from the late Troyville to the early Mississippi period. 
Professional archaeological investigations of the site include Robert Neitzel’s 1939 and 1969 
surface collection, Alan Toth’s 1972 excavation (Toth, 1979), and more recently, the analysis of 
a soil core through the center of the mound by McGimsey (2010a), and a surface survey and 
LiDAR investigation of the site by Rodning et al. (2013). Under the auspices of the Louisiana 
Archaeological Society, the area west of the mound was subjected to shovel testing, soil probes 
and excavation units in 2017 and 2018 (Doucet et al., 2019). Human remains were recovered 
during the 1972 excavation that were heavily fragmented, a common occurrence for 
archaeological bone of Louisiana resulting from acidic alluvial soil. Despite the heavily 
fragmentary, commingled nature, and small sample size of the Lake St. Agnes Mound skeletal 
material, the site allows for a meaningful investigation into life in prehistoric Louisiana. 
The introduction and increased agricultural production of maize in the diverse 
communities of Louisiana during the Mississippi period is not well understood (Fritz & Kidder, 
1993). While maize agriculture has a long history in many other parts of North America (Smith, 
1989), its acceptance and adoption into the subsistence practices of prehistoric Louisianans is 
apparently later and varied across time and space (Fritz & Kidder, 1993; Listi, 2011, 2018). The 
presence of two burial components at the Lake St. Agnes Mound site with one earlier component 
dating to well before the proposed introduction of maize (McGimsey, 2010a), and another 
potentially following it (Toth, 1979), makes an investigation of diet pertinent. The purpose of 
this study is threefold: 1) to create a more complete inventory for the excavated skeletal remains 
using a new method for assessing fragmented and commingled remains; 2) to produce a more 
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accurate date for the burials from both components, and; 3) to explore evidence for a change in 
diet between the two burial components. 
 
1.1. Theory for commingled and fragmentary remains 
The archaeological interest in human burials, historically, has been focused on the ornate 
or impressive, and less on the mundane, often fragmentary and commingled, skeletal remains 
that make up the bulk of those recovered in archaeological excavation (Tung, 2016:244). This 
has, to some extent, been rectified with modern methodologies placing importance on retrieving 
more representative osteological samples (Adams & Byrd, 2008) and improved technologies 
allowing for more complete understandings of the human past through the skeletal and dental 
tissues (Makarewicz & Sealy, 2015; Spigelman et al, 2012). However, there are still biases in 
which human remains are chosen for study, and which are passed over; biases that continue to 
produce an abundance of research on complete and discrete burials, and a relative absence of 
research on commingled and fragmentary remains. 
Milner et al. (2008:571) provide an intriguing way of conceptualizing the biases present 
in bioarchaeological study, including natural and social processes that affect the dead in 
prehistory and the ways in which archaeologists interact with the remains, through the lens of a 
series of transitions. They describe a sequence of: Living—Dead—Buried—Preserved—
Found—Saved. For example, the Living—Dead transition involves the heterogeneity in frailty 
and the non-representativeness of skeletal samples to the living populations (Wood et al., 1992). 
The Dead—Buried transition might include differences in burial location and/or treatment for 
members of the population. The variability of preservation, due to the composition of bone, or 
soil acidity, for example, could be introduced in the Buried—Preserved transition. Methods for 
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the archaeological recovery of skeletal elements such as the screening of excavated material 
introduces bias into the bioarchaeological record in the Preserved—Found transition. Another 
biasing transition could be added to Milner et al.’s (2008) sequence that could be described as 
the Saved—Studied transition. Comparatively less research has been conducted on how human 
remains are curated and how researchers select their samples for study. 
The neglect of fragmentary and commingled remains has repercussions for how we 
understand the human past. The health profiles that have been constructed based on the remains 
of conveniently complete burials may be very different from the reality, because the complete 
burials are a minority sample of a larger skeletal population. Tung (2016:245) describes how 
increased attention to fragmentary remains can provide a “richer and more nuanced 
understanding of ancient lifeways and morbidity profiles of all segments of societies.” The 
framing of research questions is of even greater importance in instances of fragmentary or 
commingled assemblages because a simple description of the remains is insufficient—theoretical 
and analytical frameworks are necessary to explore past culture through such samples. 
To cement the argument for analyzing commingled and fragmentary remains, Tung 
(2016:249) provides examples in which some bodies are intentionally fragmented prior to burial, 
such as through ritualized interment or trophy taking. Through a framework of entanglements 
between people and objects, and the living and dead, Tung (2016) explores how the body is 
transformed into a cultural object, who has the authority to make transformations, and who 
becomes transformed. These examples highlight not only the importance of considering 
fragmentary remains, but also the necessity of a theoretical framework in making sense of the 
remains. 
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 As anthropology in general has transitioned past description of objects and into the 
explanation and explication of culture, so too has bioarchaeology. Martin and Osterholtz 
(2016:1) describe the commonly held view of bioarchaeology as being at the bottom of the 
interpretive tree in anthropology and add that this view is especially true when the assemblages 
are “fragmentary, modified, burned, disarticulated, and commingled.” They suggest a theoretical 
framework for interpreting behavior from a commingled context in which the individual 
disappears and a group identity is formed by the collective. 
Panakhyo and Jacobi (2016) provide a good example of the application of such a social 
bioarchaeological theory in their analysis of the fragmentary remains from the Lewis Jones Cave 
Ossuary (1SC42) in Alabama. Their study focused on using information on pathologies to 
illuminate shared aspects of social life, including lived experiences, health patterns, subsistence 
practices, and social interactions as a single community unit (Panakhyo & Jacobi, 2016:77).  
They found a relatively high prevalence of external auditory exostoses in paired (16%), and un-
paired (18%) temporal bones, which typically are used to suggest some degree of cold-water 
behavior (Panakhyo & Jacobi, 2016:88). In addition, their sample of both in situ and loose 
molars provided varied rates of dental wear and carious lesions that, they argue, suggests 
multiple food sources and subsistence strategies being utilized. Despite the commingled and 
heavily fragmentary nature of their sample, they were able to produce meaningful interpretations 
of the data to learn about how these populations interacted with their environment. The Lake St. 
Agnes Mound site can provide insight into the past lives of Louisiana when looked at in a similar 
way. Although the small sample size limits the interpretive capacity for a single Lake St. Agnes 
community unit to be compared with other sites, one can frame the research questions in a way 
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to look at the two burial components as individual units. From there, change over time can be 
assessed as an interpretive framework. 
 
1.2. Dietary transitions 
 In the anthropological literature, subsistence strategies are usually conceived of using 
broad terms like foragers, farmers, and pastoralists (Schmidt et al., 2019). Larsen (2015:5) points 
out that these distinctions do not always accurately convey the complexity of human adaptive 
systems, but they provide a good starting point for more nuanced interpretations of past behavior. 
A transition between subsistence strategies is usually marked by a change in the prevalence of 
certain skeletal health indicators. Transitioning from a hunting and gathering subsistence 
economy to one characterized by maize agriculture tends to result in the increase of oral 
pathologies, for example. These effects can be caused by multiple different factors associated 
with both the behavioral alterations for procuring and preparing the food, as well as the 
nutritional components of the food itself. Following the transition into agriculture, many 
societies became aggregated, and/or less sedentary which produced additional health risks such 
as increased disease proliferation, and elevated levels of parasitism (Cohen & Armelagos, 1984; 
Cohen & Crane-Kramer, 2007). 
 I am being careful here to avoid the use of terms such as “better,” or “worse health” when 
describing the transition between subsistence strategies because of the complexity in assessing 
the health of past populations from the inherently biased bioarchaeological samples (Wood et al., 
1992). Wood et al.’s (1992) Osteological Paradox opens the door for different interpretations of 
health based on the prevalence of skeletal lesions. It takes time for the body’s hard tissues to 
become noticeably affected by stress and diseases; as a result, it is possible for the skeletons of 
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“healthy” individuals to resemble the “unhealthy” if the latter group died before their condition 
could manifest skeletally. Therefore, it could reasonably be argued that a sample with more bone 
lesions was the healthier one, as those individuals survived long enough for the bone to remodel. 
I will return to the implications of the Osteological Paradox further in the discussion of my 
results. 
 While the introduction of agriculture in the Americas is typically interpreted as a decline 
in oral health and evidence of systemic stress, this does not necessarily mean all systems of 
agriculture, or all agricultural products involve such a decline. Larsen (2015:2) summarizes 
research that shows the transition from foraging to rice farming in Asia might have promoted 
better oral health. There are even inconsistencies in the appearance of health indicators following 
the transition to maize agriculture, including the presence of cranial porotic lesions (El-Najjar, 
1976; Larsen, 2015:36; Walker, 2009), and caries and enamel hypoplasia rates (Larsen, 2015), 
potentially due to the genetic factors and general variation related to enamel microstructure 
(Lukacs, 2012:569). 
 The methods for reconstructing past diets have improved substantially since the middle of 
the 20th century, when many major archaeological investigations in Louisiana took place. 
Carbonized seeds recovered in situ or through flotation techniques, plant phytoliths retrieved 
from dental calculus, microscopic morphological changes to seed structure indicating 
domestication, faunal remains excavated from midden contexts, and stable isotopes of carbon 
and nitrogen are just some of the types of evidence researchers have used to establish diet in the 
past (Fritz & Kidder, 1993; Larsen et al., 2007; Makarewicz & Sealy, 2015; Smith, 1989). For 
this study, I will be limiting the exploration of diet in the past to observational techniques that are 
nondestructive, inexpensive, and time efficient. While biogeochemical methods such as light 
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isotope analysis and the observation of plant microfossils may allow for the identification of 
more specific foods and dietary reconstructions, the drawback of these techniques is their 
destructive nature. I wish to demonstrate that the methods utilized in this study can be used 
expeditiously on a kind of sample often overlooked by bioarchaeologists; I hope that these data 
may be used to further the study of diet in the prehistoric Lower Mississippi River Valley.  
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2. BACKGROUND 
2.1. The Lake St. Agnes Mound Site 
 Lake St. Agnes Mound (16AV26) is a site with a single, flat-topped, pyramidal mound 
and an associated two-acre expanse of occupational midden located near the junction of the Red 
and Mississippi Rivers in the northern part of Avoyelles Parish, Louisiana (Figure 2.1). Toth 
(1979:4) describes the region as being dominated by “a complex system of lakes and bayous that 
eventually drain into the Red River.” The location along these waterways would have provided  
 
Figure 2.1. Map depicting the location of the Lake St. Agnes mound. Source: Toth (1979). 
Reprinted with permission of LSU Museum of Natural Sciences. 
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not only major avenues for the spread of cultural ideas and materials, but the floodplain also 
would have been rich in natural resources (Toth, 1979). 
 In May of 1939, Robert Neitzel collected a small surface sample consisting of 26 pottery 
sherds, four rocks, and three bones from the mound area and recorded the site in Louisiana State 
University’s records. Neitzel returned in October of 1969, following land-clearing operations, 
according to Toth (1979:1). During this investigation, Neitzel recovered more ceramics from the 
surface, which revealed that the site had an extensive occupation length (Toth, 1979:2). These 
findings prompted a more thorough archaeological investigation. 
The site was excavated from May 17th to June 15th in 1972 by Toth (1979), after the 
landowner contacted Robert Neuman, Curator of Anthropology at Louisiana State University’s 
Museum of Natural Science at the time. Toth excavated three test pits in what was considered the 
occupational zone, based on concentrations of surface cultural material (Figure 2.2). In addition, 
the southwest corner of the mound was removed with construction equipment under close 
supervision in order to provide a profile and to determine the stages of construction (Toth, 
1979:2). During removal of part of the mound, burials were encountered at the mound base, as 
well as in a separate deposit at the apex. 
 All burials uncovered from the base of the mound were secondary and interred in what 
Toth refers to as a “large pit” dug to the depth of about 1 foot into a hard, clayey silt platform 
Toth (1979:25).  Burials were placed in the pit in seven different locations, and cane matting was 
burned over some. The pit was then infilled with what is described as a Marksville period 
midden based on the appearance of associated ceramics. Toth gives the burials of this pit feature 
numbers including #5, #6, #7, #10, #11, #12, and #13. Toth suggests a minimum number of five 
individuals, though he mentions the impossibility of determining an actual number of individuals 
10 
 
 
Figure 2.2. Lake St. Agnes excavation plan (aerial view); dots represent surface finds of lithics 
and ceramics. Source: Toth (1979). Reprinted with permission of LSU Museum of Natural 
Sciences. 
 
represented, likely due to the secondary and fragmentary nature of the remains. The midden also 
included some Baytown pottery that Toth (1979:25) explains as possibly intrusive from 
overlying layers of mound fill. None of these burials were associated with grave goods. 
The burials at the top of the mound were discovered by bulldozer less than a foot below 
the modern surface. Unlike the burials at the base, which were spread out, these secondary 
interments were confined to a single intrusive feature (Feature #8) into the clay-capped mound, 
described by Toth (1979:30-31) as 7 feet long, 4 feet wide, and 1.8 feet deep. Here, he suggests 
at least 10 individuals buried in a single event during a Plaquemine occupation of the site. The 
burials were accompanied by four pottery vessels and a few stone implements as grave goods 
(Toth, 1979:34). While he writes that the burials appeared undisturbed, pottery fragments found 
on the surface months before excavation fit into vessels found within the feature, suggesting that 
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the upper portion of the feature may have been affected by plowing (Toth, 1979: 32). 
Alternatively, the surface sherds could have come from the same midden that was used to infill 
the burial pit. 
 
2.2. Dating of the Lake St. Agnes mound 
On the basis of pottery types collected from the surface, Toth (1979:11) argued that the 
Lake St. Agnes Mound site was occupied from the Marksville period into the Mississippi period. 
He also mentions the possibility for an earlier occupation in the Tchula period based on the 
presence of a single piece of pottery that “has the look of” a Tchefuncte podal support. However, 
he concedes that pushing the date of the site back because of this find was problematic, given the 
preponderance of late Marksville-style ceramics. I have included the Tchula period in a 
discussion of Louisiana culture history below for thoroughness. On the other extreme, Toth 
(1979:11) mentions the absence of shell-tempered pottery, and lack of evidence for any 
Mississippian cultural component aside from a few ceramic motifs similar in style to 
Mississippian pottery. 
Toth (1979) identifies six stages of mound construction which took place over hundreds 
of years of site occupation (Figure 2.3). The first stage involves a platform of mottled, light-
brown, clayey silt, into which the earlier burials were interred. The second stage, overlying what 
Toth determined to be a late Marksville burial pit, consists of “nearly 3 feet of sandy silt” (Toth, 
1979:29). Within this layer, late Marksville, but predominantly Baytown period, ceramics were 
identified. The third construction stage identified by Toth is composed of blue gray clay that is 
derived from the sterile soil underlying the whole site; this layer also has Baytown period 
decorated pottery. Stage IV is the last of what Toth (1979:30) identifies as a Baytown period 
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addition consisting of brown, sandy silt and brown, clayey silt. Toth (1979:30) determines Stage 
V to be a Coles Creek addition due to ceramics that “have the feel of Coles Creek manufacture.” 
The final stage is likely a Plaquemine addition, due to the presence of pockets of red clay; this 
sediment would have only been locally present during the Mississippian period, after the Red 
River shifted and began to deposit its distinctive vermillion-colored sediments on the site (Toth, 
1979:30). 
 
Figure 2.3. Profile of the Lake St. Agnes mound detailing multiple stages of construction. 
Source: Toth (1979). Reprinted with permission of LSU Museum of Natural Sciences. 
 
Toth’s interpretation of the sequence and timing of the mound’s construction has been 
called into question by a more recent investigation by McGimsey (2010a). A soil core that 
extended 5.4 m below the summit of the mound (2 m below the mound base) revealed that the 
earlier excavation by Toth (1979) reached the base of the mound, but due to the apparent lack of 
surfaces within the mound and the appearance of continuous basket-loaded sediments, 
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McGimsey (2010a:66) argues it was not built incrementally, in multiple stages by different 
cultures, but in a single stage. 
Further, McGimsey (2010a) produces a date for a sample of cane matting associated with 
one of the burials (Feature #5) from the base of the mound. The conventional calibrated median 
age of the cane matting is 1175 B.P. (2-sigma range of 1270-1065 B.P.; 680-885 CE), which as 
Lee (2010:140) points out, would place the site either in the early Coles Creek or late Baytown 
period. Applying an updated calibration curve for atmospheric 14C (Calib Rev 8.1.0; Reimer et 
al., 2020), the cane matting date split into five ranges for the 1 sigma probabilities and three 
ranges for the 2 sigma probabilities. Two ranges in each set account for 76% (1 cal) and 92% (2 
cal) of the error. These ranges are (CE): 1 cal 700-740 or 790-830 and 2 cal 670-750 or 780-880 
(see Table 5.1 below for list of radiocarbon dates). The likelihood is high that the cane dates to 
the early Coles Creek period. Toth’s (1979:25) argument that the burials at the base of the 
mound were from a Marksville period midden was grounded in the recovery of ceramics 
resembling a late Marksville tradition. McGimsey (2010a:66) points to multiple sites, including 
Troyville (16CT7), Gold Mine (16RI13), and Morton Shell Mound (16IB3), that suggest the 
persistence of Marksville/Troyville ceramic styles into 700-800 CE. While this issue has long 
been acknowledged, there has been no change to the standard culture historical periods. 
The site was revisited by researchers from Tulane University in 2010 and 2011 in order 
to create more sophisticated contour maps based on LiDAR data, conduct a geophysical survey 
of the mound and surrounding areas to determine locations for possible future investigations, and 
to observe mound stratigraphy through soil cores and magnetic susceptibility testing (Rodning et 
al., 2013:74). The results of the magnetic data reveal what Rodning and colleagues interpret as a 
plaza area to the southwest of the mound. Beside the relatively undisturbed soil of the open plaza 
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were many anomalies—buried pits and/or structures—which are suggested to represent domestic 
structures, or possibly evidence for a second, eroded mound (Rodning et al., 2013:84). For the 
extant mound, magnetic susceptibility and the presence of flood deposits on what appear to be 
strata within the mound suggested more than one and probably three stages of mound 
construction (Rodning et al. 2013:84). Rodning et al.’s (2013) data conflict with both 
McGimsey’s (2010a) soil coring results and Toth’s (1979) interpretation. These studies highlight 
the uncertainty behind the occupation of the Lake St. Agnes Mound site and the necessity of 
further investigation. 
 
2.3. Agriculture outside of the Lower Mississippi River Valley 
 In order to discuss the dietary transitions for the Lower Mississippi River Valley 
(LMRV) and how the Lake St. Agnes Mound site might fit within that transition, it is important 
to consider the context of agricultural and horticultural production throughout eastern North 
America, especially upriver along the Mississippi. Although the focus of agricultural studies in 
the New World is generally on maize, there were other domesticated plant species that were 
being grown in eastern North America as early as 2000 BCE (Smith, 2006:12225).  
Prior to the beginnings of horticulture, much of the floral component of the Southeastern 
diet was composed of nuts, including acorn, walnut, and hickory (Cook, 2007:10-11; Danforth et 
al., 2007:65). Between 2000 and 1000 BCE, indigenous communities in this region likely began 
intervening in the life cycle of crop plants including squash (Cucurbita pepo), sumpweed (Iva 
annua), sunflower (Helianthus annuus), and chenopod (Chenopodium berlandieri), as evidenced 
by morphological changes in testa thickness and increased seed size (Smith, 1989:1568), and 
genetic studies (Smith, 2006).  
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The early evidence for morphological and genetic changes in the region for these crops 
led Smith (1989; 2006) to argue for a mid-latitude, eastern North American independent center 
for plant domestication. However, the geographic origin of some of these crops—whether they 
were domesticated in eastern North America or were all domesticated in Mexico and later spread 
outward—continues to be debated (Harter et al., 2004; Piperno, 2001; Sanjur et al., 2002; Smith, 
2006). Archaeological evidence for sunflower domestication in Mexico 4700 years ago called 
into question the previous model for the eastern North American domestication (Piperno, 2001). 
However, Harter et al. (2004) produce a genetic study that demonstrates a close relationship 
between all the tested domesticated strains of sunflower to wild eastern North American H. 
annuus. Additionally, the low genetic diversity in the domesticated strains are interpreted by 
Harter et al. (2004) to represent a genetic bottleneck as a result of selection during domestication 
in eastern North America. 
 Some of the earliest macrobotanical evidence for maize in eastern North America dates 
from around 100 to 200 CE (Smith, 1989). By this time, three other seed crops were likely being 
cultivated (though they do not show the genetic and morphological changes characteristic of 
domestication), including erect knotweed (Polygonum erectum), maygrass (Phalaris 
caroliniana), and little barley (Hordeum pusillum) (Smith, 1989:1569). Cook (2007:10-11) refers 
to these small grains as “staple garden crops” during the Middle (2150-1700 BP) and Late (1700-
1000 BP) Woodland periods in Illinois. The initial introduction of maize, likely from the 
Southwest, appears to be minor and progressed slowly, as an addition to the complex food 
network that many communities had already established (Cook, 2007:10; Smith, 1989:1569). 
 Maize remained a minor crop in much of eastern North America until around 800 to 1100 
CE, when a rapid shift toward maize-centered agriculture occurred (Smith, 1989). This shift 
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involved both what Smith (1989:1570) refers to as the mid-latitude pre-maize farming zone, and 
the hunting and gathering communities throughout much of eastern North America.  
 
2.4. Early interpretations for agriculture in the LMRV 
 Due to the relative paucity of methods available to past archaeologists for interpreting 
diet, it is unsurprising that an agricultural subsistence base was assumed, even for very early 
cultures in the LMRV region, due to the complexity of societies like Poverty Point (ca. 3700 
B.P.; Fritz & Kidder, 1993:1). This assumption was supported by appeals to the nutrient-rich, 
alluvial soils and a long growing season, in addition to the believed cultural ties to Mesoamerica 
(Fritz & Kidder, 1993; Williams & Brain, 1983). Regional overviews of the Native American 
transition to agriculture, like Smith’s (1989), tend to ignore the nuances of the LMRV and lump 
it in with the central Mississippi Valley or the entire Southeast. Many authors have explored the 
possibility for agriculture during the later Coles Creek period due largely to the development of 
large, formal ceremonial centers. Recent research, however, indicates that, if maize was present 
in Coles Creek society, it played a very minor role, perhaps as a status or ceremonial crop (Fritz 
& Kidder, 1993:11; Listi, 2011, 2018). 
In order to explore the nuances of the adoption and consequences of maize agriculture in 
the Avoyelles Parish region, I will outline the culture-history chronology of Louisiana, 
emphasizing subsistence in and around the region during these periods. I also discuss how, from 
a bioarchaeological perspective, diet can be inferred where macroscopic archaeological evidence 
is absent. 
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2.5. Culture-history 
 The culture-history of prehistoric Louisiana is complicated by inconsistent terminology, 
and regional variation, among other factors. Obvious as it is, the state of Louisiana did not exist 
in prehistory, and as such there exists the potential for a continuum of culture and culture contact 
to exist among the people of Louisiana with those throughout the LMRV and into the Florida 
panhandle. The problem with the Marksville/Troyville pottery sequence illustrates how 
important it is to keep in mind that cultures defined by pottery forms and styles may be present at 
different sites at different times. As such, a culture-historical approach to systematizing the 
archaeological material of the LMRV does not represent cultures as they would be observed 
ethnographically, but rather are archaeological cultures defined in the present, based on artifact 
types, behaviors, and belief systems (Rees, 2010a:10). For example, certain cultural aspects may 
be widespread and cross the modern state borders, and others may be seen as pockets without 
clear overlap. 
While such a conceptualization of culture is limiting in the theoretical and explanatory 
power for anthropological studies, it is effective (in many cases) in demonstrating potential 
influences and contact between people in the past. To avoid confusion with the interchangeable 
usage of terms like ‘culture’ and ‘period’ when referring to the culture-history of Louisiana, 
Southeastern archaeologists have adopted a relatively standard system (Rees, 2010a; Figure 2.4)  
 
Figure 2.4. Chronology of Woodland and Mississippi period cultures of Louisiana (adapted from 
Rees, 2010a). 
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The following section, then, outlines the basic components of the generally accepted time spans 
of Woodland and Mississippi period cultures in the LMRV. 
 
2.5.1. Tchefuncte culture (800 BCE – 1 CE) 
 The Tchefuncte culture of the Tchula period is generally agreed to exist from 800 BCE 
(although the Bayou Jasmine [16SJB2] site may push this date earlier [Hays & Weinstein, 
2010:115]), to around 1 CE, when the Marksville culture appeared. Tchefuncte is best known for 
its ceramic assemblage; the paste—one of the few untempered pastes in North America—is 
characterized by contorted and laminated folds, and the wedge-shaped podal supports are 
distinctive for the period (Hays & Weinstein, 2010). Hays and Weinstein (2010:97) argue that, 
aside from the distinctive ceramic assemblage, the Tchefuncte culture can be distinguished by its 
apparent lack of long-distance trade in exotic lithics, large mound complexes, and exotic stone 
industries that characterized the earlier Poverty Point culture. However, Heller et al. (2013:637) 
point to evidence from the Tchefuncte site (16ST1) that calls into question the lack of long-
distance trade, arguing for the inclusion of Tchefuncte people in regional Southeastern exchange 
networks. 
 Coastal peoples at this time appear to have been sedentary based on the seasonal range of 
the fauna present in midden contexts (Hays & Weinstein, 2010:104). There appears to be 
variation in the mobility of Tchefuncte communities with some seasonality in midden deposits 
evident in northeast Louisiana, as well as in the Pontchartrain Basin (Kidder et al., 2010: 136). 
The contents of these Tchefuncte middens reveal a diet unsurprisingly consisting largely of 
riverine and coastal flora and fauna that are consistent with a subsistence strategy of foraging, 
hunting, and fishing. Heller et al. (2013:633-634) note the abundance of freshwater and brackish 
19 
 
fish species and deer, but also the apparent absence of plant remains. The only clearly visible 
plant remains at the Bayou Jasmine and Tchefuncte sites were walnut (Heller et al., 2013:634). 
In interior Tchula period sites, Kidder et al. (2010:130) report a different pattern for the 
appearance of plant remains, noting the presence of maygrass, grape, chenopod, acorn, hickory, 
and pecan. Notably, these species are harvested at different times of the year, suggesting 
continual occupation at some sites. 
According to Hays and Weinstein (2010:119), the timing and the origin of mortuary 
mound building is a primary research directive for archaeologists examining the Tchefuncte 
culture. Previous researchers have had a difficult time tying the construction of mounds to the 
Tchefuncte people. The Lafayette Mounds (16SM17) site may be one of the best sites with 
evidence for mortuary mound building in the Tchefuncte culture of the LMRV (Heller et al., 
2013:302-310). Some archaeologists have hesitated to attribute the mound’s construction to 
Tchefuncte people, despite the presence of Tchefuncte sherds in the mound fill. For instance, 
Neuman (1984) suggested that the prevalence of Plaquemine sherds at the site may indicate the 
mound is Plaquemine and the Tchefuncte midden at the site was used as mound fill. Heller et al. 
(2013:302), however, argue that the Plaquemine artifacts were not found in sub-mound contexts. 
In addition, a reanalysis of the ceramic assemblage revealed that the majority of identified 
ceramic sherds (11,865 out of 11,926) were not Plaquemine but were of Tchefuncte origin. 
Kidder et al. (2010:132) also present unambiguous evidence for Tchefuncte mound building at 
the St. Mary (16MA62) site, although there are currently no known burials associated with the 
mound. 
 Hays and Weinstein (2010:109) write that the typical Tchefuncte burial pattern involves 
shallow and unadorned graves within midden deposits, though burial type is variable. Primary 
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burials in the aforementioned pits are often in a flexed position, but secondary bundle burials and 
human bone scattered within middens are also found (Hays & Weinstein, 2010). Multiple 
authors reference the ritualized fracturing of some of the bones prior to burial in the Tchefuncte 
component of the Morton Shell Mound (16IB3) site and the Tchefuncte (16ST1) site (Hays & 
Weinstein, 2010; Lewis, 1991; Stanton, 2014).  
 
2.5.2. Marksville culture (1 – 400 CE) 
 According to McGimsey (2010b:127), the principal diagnostic feature of Marksville 
period sites is the presence of incised and zoned rocker-stamped ceramics. As noted previously, 
McGimsey stresses the fact that, at least in some areas, “Marksville” pottery persists much later 
than the normally defined end of the period at 400 CE. The presence of some of these early 
designs in contexts dating to 600-800 CE call into question the developed chronology, as well as 
the possibility of defining a statewide Marksville culture (McGimsey, 2010b:132). Toth’s (1979) 
identification of Marksville ceramic styles at the Lake St. Agnes site must be viewed in this 
context of a poorly understood Marksville ceramic chronology. 
 McGimsey (2010b:130) states that Marksville subsistence is “one of the least-
documented aspects of the archaeological record” for that period. In part, this is due to the lack 
of identified Marksville period habitation sites, which have low visibility in the archaeological 
record. What little evidence there is suggests that the diet of Marksville people was not notably 
different from either the earlier Tchefuncte or the later Troyville cultures; recovered faunal 
material vary between sites depending on the local environment (McGimsey, 2010b:130). Many 
of the tools found at Marksville period sites, such as chipped-stone points, atlatl weights, bone 
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awls, and fishhooks, are the same as those found in the preceding Tchula period, again 
suggesting similarities in subsistence practices (Neuman, 1984:167). 
 Marksville mortuary practice varies within and between sites. Some burials are in mass 
ossuaries, some are in mounds, some are single, discrete primary interments, and others are 
cremations (McGimsey, 2010b:126). Unlike the preceding period, there is clear evidence for 
mound burials within the Marksville system, such as those at the Marksville (16AV1) site. While 
rare in Louisiana, there are a few instances of Hopewell-influenced log tombs. These are dug 
into the top of a mound and may have been lined with bark or cane. Once the interments are 
made, large logs are placed over the tomb and this ‘roof’ may also have had cane matting laid on 
top (Neuman, 1984:166). Neuman (1984:166-167) refers to funerary objects as a distinctive 
feature of Marksville mortuary practice, listing artifacts made from pottery, bone, stone, shell, 
and from exotics like copper and galena. These exotics are also typical in Hopewell-influenced 
mortuary contexts. 
 McGimsey (2010b:133) concludes his chapter by considering what Marksville is and 
suggests three possibilities. The first is that Marksville is an arbitrary interval of time that saw 
the appearance of ceramic motifs, but which saw little deviation in terms of settlement and 
subsistence patterns from earlier cultures. The second possibility is that Marksville is a culture 
defined mostly by ceramic designs that persisted for different lengths of time throughout the 
LMRV. The third possibility suggested by McGimsey is that Marksville is defined by 
participation in the Hopewell Interaction Sphere. However, as noted, in Louisiana, sites with 
Hopewell-related artifacts or other mortuary attributes are very rare. In addition, Hopewell 
influence seems to last for a short time, after which, Marksville people live like their 
predecessors and their successors.  
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2.5.3. Troyville culture (400 – 700 CE) 
 The Baytown period is divided spatially into a Baytown culture that occupies the LMRV 
north of the Yazoo Basin, and the Troyville culture identified from sites in the southern and 
western LMRV throughout most of present-day Louisiana (Lee, 2010:135). While the period has 
traditionally been referred to as a “good, gray culture” (Williams, 1963:297) between the vibrant 
Marksville and more complex Coles Creek and Mississippian cultures, Lee (2010:135) argues 
that the Baytown period was both a time of population growth and culture change. The timing 
for Troyville culture, due to inconsistent ceramic typologies throughout the state, is typically 
given the range of 400-700 CE, although in some locations it may be as early as 300 CE and be 
maintained as late as 900 CE (Lee, 2010:135). 
 The subsistence of Troyville people does not appear to be much different than that of 
earlier cultures and the archaeological evidence suggests hunting, fishing, and foraging were 
widely practiced. The hunting of certain species likely became more efficient following the 
introduction of the bow and arrow into the LMRV between 600-700 CE (Lee, 2010:137). Fish, 
deer, smaller mammals, and birds make up the bulk of the consumed meat; some of the common 
plants encountered archaeologically include goosefoot (chenopod), knotweed, maygrass, little 
barley, sumpweed, sunflower, and gourd (Lee, 2010:138-139). While some of these species were 
being domesticated at this time farther north along the Mississippi River Valley (Fritz, 1990; 
Smith, 1989), researchers do not believe any domestication was occurring in the Troyville 
culture (Lee, 2010;155). 
 Mortuary practices are also variable at Troyville sites. They include the immediate burial 
of the dead, secondary burial following interment in charnel buildings, and also cremation (Lee, 
2010:139). The construction of earthen mounds continued during the Baytown period. Mounds 
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had multiple purposes, including the burial of the dead, but they were also likely used for public 
ceremonies and events (Lee, 2010:136). However, Lee (2010:156) notes that non-mound sites 
dating to the Baytown period in the southern LMRV are almost completely lacking, and that 
more information from such sites is critical for any improvement in our understanding of the 
Troyville culture. The relative absence of these sites could be the result of Coles Creek mound 
building over circular or oval Troyville habitation sites (Saunders & Weinstein, 2020). 
 
2.5.4. Coles Creek culture (700 – 1200 CE) 
 The Coles Creek culture is often thought to span from 700-1200 CE and is marked by the 
transition of dispersed egalitarian groups in the beginning of the period to generally more 
aggregated communities around larger mound centers at the end (Roe & Schilling, 2010:157). 
Mound sites were likely uninhabited for much of the Coles Creek period; rather they were vacant 
ceremonial centers with most of the population living in hamlets and villages (Saunders & 
Weinstein, 2020). The period from ca. 1050 – 1200 CE, sometimes called terminal Coles Creek 
or emergent Mississippian, saw influences from Cahokia in northeast Louisiana. This period 
involves settlement types that have often been separated into the division of multi-mound sites, 
single-mound sites, large village sites, and small hamlets (Saunders & Weinstein, 2020). 
 Despite the apparent increase in social complexity and site size, there is little evidence for 
hierarchy in Coles Creek culture. Roe and Schilling (2010: 159) note the general absence of 
status symbols and ritual items in archaeological excavations. In addition, most burials lack even 
mundane grave goods, let alone the exotics that could be used to estimate social status (Roe & 
Schilling, 2010:165). Rose and Harmon (1989:337-338) point to the possibility for an increase in 
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social distinction in the late Coles Creek period based on a decline in arthritis among mound-
burials, which they argue suggests a difference in workload. 
 There was apparently extensive interaction among groups within the Coles Creek region 
of the LMRV, evidenced by strong commonalities in public architecture and material culture 
(Roe & Schilling, 2010:159). The period was characterized by the networking of multiple mound 
centers. While interaction within the Coles Creek society occurred frequently, extensive 
interaction with external Mississippian groups was rare until late in the period. Further, Roe and 
Schilling (2010:158-159) note that the increase in complexity during most of the period is 
attributable to developments from indigenous cultural changes, which were “not linked to 
dramatic shifts in subsistence practices,” like the maize-based agricultural systems to the north.  
 An agricultural subsistence based on maize had long been assumed for Coles Creek 
peoples because of the organizational complexity of Coles Creek ceremonial sites. Other reasons 
for the assumption include the proximity of the Coles Creek culture to other major, emergent 
maize agricultural societies in the Central Mississippi River Valley (CMRV), and the ease with 
which these societies could interact along the Mississippi River. Much research has been done to 
explore the possibility of a maize subsistence base as the fuel for the growth of the Coles Creek 
culture. After decades of fine screening, flotation, and bioarchaeological analyses, there is little 
evidence to suggest maize was a staple. Scattered occurrences of maize probably indicate 
ceremonial usage (Fritz & Kidder, 1993; Kidder, 1992; Listi, 2011, 2018; Roe & Schilling, 
2010). There is evidence of the domesticated version of some native grasses, including maygrass, 
chenopod, and knotweed at some Coles Creek sites, indicating the acquisition of cultivation 
techniques which would be important for the transition to a maize-based subsistence (Roe & 
Schilling, 2010:169). Nevertheless, the primary subsistence strategy for Coles Creek society 
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remained the gathering of wild plant foods like acorns and hickory nuts, and the hunting of deer, 
fish, alligator, and muskrat (Roe & Schilling, 2010:169). 
 The majority of Coles Creek burials are found in non-mound contexts, either in 
community cemeteries or as isolated interments (Saunders & Weinstein, 2020). Mound burials 
were often interred below the summit or on slopes of existing mounds (Roe & Schilling, 
2010:165). Roe and Schilling (2010:165) write that the burials were not placed haphazardly but 
are composed of groups containing primary and secondary burials, which they interpret as the 
result of emptying charnel houses. These burials may be extended, bundled, or flexed, and many 
are partial skeletons. Kassabaum’s (2011) comparison of burials from three previously excavated 
Coles Creek sites revealed some degree of age-related patterning in mortuary treatment—infant, 
young adult, and old adult age groups were interred in different ways. 
 
2.5.5. Plaquemine and Mississippian culture (1200 – 1700 CE) 
 The dating of the Mississippi period is different for Louisiana and the LMRV than it is 
further upriver in the CMRV and what is typically provided in regional overviews. For the 
LMRV, the Mississippi period is conventionally thought to span from 1200-1700 CE and 
involves the Plaquemine culture that developed within Louisiana and the contemporaneous and 
less common pockets of Mississippian cultural influence (Rees, 2010b:174). The origin of 
Plaquemine culture has long been studied by anthropologists; early interpretations regarded 
Plaquemine as a regional variant of Mississippian culture (Griffin, 1967; cited in Rees, 2010b). 
Williams and Brain (1983:414) discuss their interpretations for the genesis of Plaquemine 
culture, suggesting that it emerged from the hybridization of Coles Creek and Mississippian 
influences through contact, rather than independently evolving from the preceding Coles Creek 
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culture. Rees (2010b: 178-180) criticizes the Coles Creek and Mississippian hybrid theory, 
stating that it emphasizes the Mississippian influence and minimizes the cultural continuities 
between Coles Creek and Plaquemine. He argues that artifact assemblages and site planning 
demonstrate commonalities and continuity between the indigenous LMRV cultures. Evidence for 
Mississippian influence appears “too little and too late” to be regarded as the stimulus for the 
changes that resulted in the Plaquemine culture (Rees, 2010b:180).  
Regardless of how the Plaquemine archaeological culture came to be, researchers today 
distinguish Plaquemine and Mississippian cultures largely using artifacts and the intensity of 
maize agriculture; many Mississippian cultural traits are shared with earlier LMRV cultural 
periods, including rectangular buildings, exotic trade items, and mound-and-plaza complexes 
(Rees, 2010b:180). Plaquemine ceramics were primarily grog tempered with minor involvement 
in shell-tempering; shell tempering is a hallmark of Mississippian culture (Rees, 2010b:174). 
Other Mississippian cultural items include chipped stone hoes, triangular projectile points, and 
ground stone artifacts, as well as occasional exotic traded items, and elaborate iconography 
(Rees, 2010b:180-182). These items are rarely found in Plaquemine contexts.  
Another common Mississippian trait is extensive maize agriculture. Mississippian polities 
involved increased centralization, which would have allowed for organization in the storage of 
food surpluses. Rees (2010b:186), however, notes that maize agriculture was not “part of an 
inexorable Mississippian expansion” in the Plaquemine region. Rather, different Plaquemine 
communities likely engaged in agriculture to varying degrees. The people of the LMRV in the 
Mississippi period still harvested the plentiful wild resources that they had readily available, like 
acorn, pecan, hickory, and persimmon, along with deer and fish and other aquatic animals (Rees, 
2010b:187). 
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2.6. Identification of diet through archaeological remains 
Researchers have devoted much attention to the skeletal indicators of agricultural 
transition and intensification in eastern North America (Cook, 2007; Hutchinson et al., 2007; 
Larsen et al., 2007; Danforth et al., 2007), and the results of these studies show variability in a 
population’s response to agriculture. While Larsen and colleagues (2007:34) demonstrate a 
general decrease in health over time across multiple indicators, Hutchinson et al. (2007:60) 
demonstrate a different pattern in two North Carolina populations. There, health appeared to 
improve following the introduction of agriculture among the inland groups but declined in the 
populations along the coast that maintained hunting and foraging lifestyles. In light of this and 
other data, it is best to consider a wide variety of potential health indicators for the determination 
of dietary transition. A multifactorial approach that considers caries, dental calculus, periodontal 
disease, enamel hypoplasias, dental micro- and macrowear, and cranial porotic lesions may help 
in identifying dietary transitions, as many of these skeletal indicators, when isolated, are not 
particularly diagnostic.  
It may be difficult to identify a dietary transition, particularly in the LMRV region, 
because of the native plant species that were being exploited. As Smith (1989:1569) writes, four 
of the seven crops that were likely cultivated in eastern North America prior to the introduction 
of maize (erect knotweed, chenopod, little barley, and maygrass) are high in carbohydrate 
content. An increase in the prevalence of caries, among other oral health issues, is often looked 
at as evidence for maize agriculture (Fritz & Kidder, 1993; Larsen, 2015; Schmidt et al., 2019). 
Yet, this increase is considered to be due to the relatively high carbohydrate content in maize that 
is particularly cariogenic, along with a subsequent decrease in protein consumption (Larsen, 
2015:69). It is possible that, particularly around the time of an agricultural transition, there could 
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be comparable carbohydrate consumption (and therefore caries rates) between the four cultivars 
listed above, and maize as a dietary supplement. Danforth et al. (2007:75) have also considered 
the potential that an increased reliance on the indigenous starchy seed crops in populations near 
the Mississippi Delta could produce a similar pathology load to that seen in maize agriculture. 
The Lake St. Agnes skeletal material has been assessed before by Listi (2010, 2011), who 
reached a similar conclusion: that the pathology load of Coles Creek populations in general, and 
the Lake St. Agnes sample in particular, may be the result of native carbohydrate-rich plants. 
Listi’s 2011 study included three Lake St. Agnes Mound individuals from the Coles Creek burial 
provenience in a large study that assessed the general trends of oral health in Coles Creek and 
pre-Coles Creek samples and compared these to other regions. She found that, compared to other 
contemporaneous populations in eastern North America, the people of the LMRV had higher 
rates of oral pathologies, and that between the Coles Creek and pre-Coles Creek sites there was 
also a slight increase. This difference is suggested to be the result of native starchy plants or the 
introduction of a minor amount of maize in some areas (Listi, 2011:38). Listi’s (2010) 
assessment of the Lake St. Agnes Mound sample included many of the same pathologies 
included in this study, with the exception of dental microwear. Further, Listi was more 
conservative in which elements to include in analysis, opting not to include loose teeth. In her 
sample, the high rates and low severity of both periodontal disease and dental calculus are 
interpreted as a consequence of the native crops rather than from a maize-based agricultural 
transition (Listi, 2010:76). 
While it is possible that the native plants being gathered by LMRV populations produced 
oral pathologies at similar rates to agricultural populations due to their high carbohydrate 
content, some of these plants were being consumed in the region as early as the Tchula period, if 
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not earlier (Kidder et al., 2010:130). Therefore, high rates of oral pathologies may be expected to 
be consistent over time if the consumption of these starchy crops has a meaningful effect. 
Significant changes in the appearance of the skeletal indicators under study here would support a 
hypothesis for differences in subsistence. This difference could be the result of an increased 
reliance on gathered plants, horticulture, or maize agriculture. 
 
2.6.1. Caries 
 Dental caries is a disease in which enamel demineralization is caused by the fermentation 
of carbohydrates by plaque bacteria (Hillson, 2008; Larsen, 2015:67). The appearance of caries 
can range from discoloration and enamel opacities to the gross destruction of the tooth crown 
and roots (Hillson, 2008). Multiple tooth surfaces may be affected by caries, commonly on the 
occlusal surface, but also on the interproximal, cervical, and root surfaces (Buikstra & Ubelaker, 
1994:55). In a clinical study, Demirci et al. (2010) found that the occlusal fissures of the first and 
second molars expressed the highest rates of caries, followed by the interproximal surfaces of the 
other teeth. They also found higher incidences in the maxillary dentition (62.4%) than in the 
mandibular (37.6), and that females were more often affected (59.1%) than males (40.9%). It is 
possible, though, that modern techniques of oral hygiene have produced distributions of caries 
that are different than what is seen in archaeological populations. 
 Larsen (2015:68) discusses the evident inverse relationship between dental macrowear 
and caries, which he suggests is due to the tendency for carious lesions to initiate in the grooves 
and fissures of teeth. Hence, an unworn tooth may be more susceptible to caries than a heavily 
worn tooth with less complex topography. On the other hand, there is also evidence that shows 
severe wear may predispose a tooth to caries as the enamel becomes thin (Larsen, 2015:277). 
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 Maize has been identified as a particularly cariogenic food, and as such, dental caries is a 
frequently cited and seemingly robust indicator for a transition to agriculture (Danforth et al., 
2007; Larsen, 2015; Larsen et al., 2007). Danforth et al. (2007:77), in their summary of evidence 
from southeast North America, determine that some traditional health indicators, including 
stature and cranial porotic lesions, are inconsistent following a transition to agriculture. The most 
consistent indicator they found was an increase in dental pathologies due to the increased 
carbohydrate consumption. 
 
2.6.2. Calculus 
 Dental calculus refers to mineralized plaque deposits which can form either as clay-like 
deposits on the tooth crown (and sometimes roots) above the gum line as supragingival calculus, 
or as a thin layer on the tooth roots associated with periodontal disease as subgingival calculus 
(Hillson, 2008:312). The process of calculus mineralization is not well understood, but it is 
composed of mineral components, including calcium phosphates from saliva and organic and 
inorganic byproducts of bacteria, saliva, diet, and the environment (Yaussy & DeWitte, 2019). 
Recent studies of calculus are based on the fact that it can trap DNA from cheek cells, DNA 
from pathogens that may have affected the host, as well as plant phytoliths derived from 
consumed plant products (Yaussy & DeWitte, 2019:553).  
Unlike caries, there is not a consistent link between calculus formation and the transition 
to agriculture. Hillson (2008:312) writes that there is a slight inverse relationship between 
calculus deposits and caries, which he suggests may be due to the fact that caries is inherently a 
demineralization phenomenon and calculus is characterized by mineralization, although the 
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relationship is not strong. It is not uncommon, as Hillson (2008:312) admits, to find both 
calculus and caries in the same individual. 
While the relationship of calculus to specific diets is not well understood, there has been 
an increase in scholarship regarding dental calculus in archaeological populations (Yaussy & 
DeWitte, 2019). Yaussy and DeWitte (2019:553) point to the clinical data that highlight the 
disastrous health effects of extensive plaque buildup on life expectancy and produce a study 
demonstrating a link between dental calculus and underlying frailty in an archaeological 
population. Their results suggest that dental calculus provides a good indicator of general frailty, 
as individuals in a medieval London sample with calculus died at a younger age on average than 
others in the same sample regardless of whether death was the result of normal (or non-
identifiable) factors or through catastrophic ones, such as plague and famine (Yaussy & DeWitte, 
2019:561). Calculus will be recorded here as it can be suggestive, particularly along with other 
oral-health indicators, of general health and diet. 
 
2.6.3. Periodontal disease 
 Calculus and periodontal disease are related, in that accumulations of plaque on teeth also 
may cause inflammation of gingival and alveolar tissues (Hillson, 2008:311; Larsen, 2015:78-
79). Following inflammation of gingival tissue, the process of periodontitis involves stages of 
porosity and bone loss of the borders of the tooth socket, followed by the general horizontal loss 
of bone (Hillson, 2008: 321). Like caries, periodontal disease is also found in higher rates among 
individuals with a carbohydrate-rich diet; its prevalence is low in foragers (Larsen, 2015:81). 
 Periodontal disease can be challenging to identify, particularly in mild cases, as teeth may 
continue to erupt during the aging process, mimicking root exposure of a pathological origin 
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(Larsen, 2015:83). Larsen (2015:83) argues that this may cause an overestimation of periodontal 
disease in archaeological populations. True periodontal disease can be distinguished from 
continual tooth eruption based on the porosity or roughness of the alveolar bone suggesting an 
ongoing disease processes (Clarke & Hirsch, 1991). Alveolar porosity can also be caused by 
bone resorption following tooth loss, adding to the already complicated diagnosis of 
periodontitis. Cheek teeth are more often affected than the anterior teeth, and this unequal 
distribution of the disease in the dental arcade may produce the appearance of a “prow” of bone 
with a dip in the posterior alveolar process relative to the elevated anterior section (Hillson, 
2008:321). Cases with this elevated anterior section relative to posterior may be more easily 
identified. 
 
2.6.4. Linear enamel hypoplasias (LEH) 
 Enamel hypoplasias form during dental development. Enamel formation occurs in regular 
layers beginning at the incisal or cuspal edge of the tooth crown and proceeds to the cemento-
enamel junction (CEJ) (Larsen, 2015:44). In times of stress, such as a disease episode or 
malnutrition, the ameloblasts responsible for producing the enamel layers, or perikymata, may 
slow or stop growth in order for the body to focus its energy on other, more vital organs. This 
hiatus of enamel formation causes macroscopic defects that are most often linear but can also 
appear as pits or in a plane-form (Hillson, 2008:303-304; Larsen, 2015). While the width of 
defects has been used in the past to estimate the duration of the stress event, Hubbard et al. 
(2009) demonstrate that there is little empirical support for the relationship of the defect width to 
the number of perikymata involved, which is a more reliable indicator of duration. 
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Accentuated striae of Retzius, commonly known as Wilson bands, are microscopic, 
histological enamel growth defects, which are similar to linear enamel hypoplasias (LEH) in that 
both result from deficiencies in enamel perikymata caused by metabolic stress. Wilson bands are 
believed to represent more acute stress events than those typically assumed for enamel 
hypoplasias, and may appear with LEH, without LEH, or LEH may be present without Wilson 
bands (Hillson, 2014; Koutlias, 2019). The relationship between the two defects can provide 
insight into the speed at which the stress event takes place and/or the etiology (e.g., disease or 
malnutrition). While Wilson bands are often looked at in conjunction with enamel hypoplasias to 
produce a greater understanding of the stress event (Koutlias, 2019), the procedure necessitates 
the destruction of the tooth which was not an option for this project. 
 Enamel defects like LEH and Wilson bands are more common in populations 
undergoing the transition from a foraging to an agricultural subsistence, as well as agricultural 
intensification (Larsen, 2015:53). However, Lukacs (2012:568) notes that they are less consistent 
than caries in indicating the intensification of agriculture. Because LEH has a complex etiology 
that typically denotes non-specific stress, the connection between LEH and subsistence is 
tenuous. Stress events that produce enamel defects could be due to general nutritional 
deficiencies or a host of childhood diseases and parasites. 
 
2.6.5. Dental macrowear 
 Multiple different types of wear affect the teeth during life. Attrition refers to wear that is 
caused by tooth-on-tooth contact. This type of wear can be seen on the occlusal surface, where it 
is caused by contact with opposing teeth, or on the mesial/distal interproximal surfaces, caused 
by the minimal movement between adjacent teeth (Hillson, 2008:308). Other types of wear 
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include abrasion, which is the result of teeth coming into contact with other objects, such as 
hides, sinews, or clay pipes, and erosion, which is wear caused by a chemical process. Because 
these types of wear are difficult to differentiate (Larsen, 2015:277), they will be considered here 
collectively as wear, or macrowear. The consistency and texture of food consumed plays a large 
role in the severity and manifestation of tooth wear, which may be influenced both by 
characteristics of the food and how it is prepared (Larsen, 2015:278). 
 Larsen (2015:284) points out distinctive differences in dental wear patterns between 
foraging and later agricultural populations, which are commonly attributed to the transition of 
hard-textured foods to more soft-textured foods. He comments on the tendency for higher angles 
of occlusal surface wear in agriculturalists than in hunter-gatherers, and notes that wear on the 
first molars in agriculturalists is “cupped” compared to the flat-plane wear on the teeth of hunter-
gatherers. Further, wear on the anterior teeth of hunter-gatherers is more severe, or equally 
severe, as on the posterior teeth, but in agriculturalists, the posterior teeth are far more worn than 
the anterior teeth (Larsen, 2015:284). 
 
2.6.6. Dental microwear 
Dental microwear is the result of microscopic grit, primarily from diet, that creates 
abrasive patterns on the enamel surface. While macrowear involves the removal of layers of 
enamel on the occlusal surface that increases as an individual ages, microwear is seen as 
microscopic pits and scratches that are constantly changing. As these features are worn down, 
new ones take their place. Because of this, microwear provides a record of tooth use just prior to 
death, from hours to a few days, that is colloquially termed ‘the Last Supper’ phenomenon 
(Larsen, 2015:294). Microwear is the result of the phases in the normal chewing cycle. Phase I 
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involves the gliding of molar cusps past each other to shear food, resulting mostly in microscopic 
scratches. In Phase II, the opposing molar cusps meet each other, which produces both pits and 
scratches (Schmidt, 2010). Gordon (1988:1140) writes that the types of microscopic features that 
are observed in dental microwear analysis are not intrinsically different, but rather that they are 
produced by “differing degrees of shear and compression acting on the abrasive agents.” As 
such, the decision on how to divide what is considered a “pit” and what is a “scratch” is 
arbitrary. Schmidt (2010) compares microwear features with the degree of macrowear and finds 
that the number of pits does not correlate with severe macrowear, but the width of scratches 
does, suggesting that larger grit or greater shearing force removes more enamel than other types. 
The study of dental microwear has changed greatly since it was first described as a 
potentially useful method of inferring diet in prehistoric and fossil hominids, and other fossil 
species. The three different technological/methodological techniques that have been employed in 
dental microwear work are: use of a conventional optical light microscope; use of the more 
powerful Scanning Electron Microscope (SEM); and the 3-dimensional imaging of Dental 
Microwear Texture Analysis (DMTA) with a scanning confocal microscope. Each of these 
methods comes with pros and cons that must be weighed by the researcher for the goals of study. 
 Optical light microscopy was the earliest method for the observation of microscopic 
features on the occlusal surface of teeth. These studies were primarily qualitative in nature, 
documenting the presence or absence of microscopic striations, their relative density on the tooth 
surface, and their approximate orientation (Ungar et al., 2008:396). This method benefits from 
being much more rapid and inexpensive than the other methods and it saw a resurgence for this 
reason in the early 2000s (Scott et al., 2006; Semprebon et al., 2004; Solounias & Semprebon, 
2002; Ungar et al., 2008:397). The degree of magnification plays a large role in the design of a 
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study, as low magnification has the benefit of covering more surface area of a facet, while higher 
magnification can reveal more subtle features (Gordon, 1988:1141). However, low-
magnification light microscopy still suffers from inherent deficiencies, including low depth of 
field, and the difficulty in distinguishing smaller (micron-level) pits and scratches, that may be 
more diagnostic in dietary inference (Ungar et al., 2008:397). The quantifiable variables here are 
primarily ratios of identifiable features and the directionality of striations. 
 The use of the SEM in dental microwear studies had a profound effect on the field in the 
1970s, as it allowed for much clearer imaging of tooth surfaces, which led to the identification of 
discrete feature types that could be described and measured (Ungar et al., 2008:396). The 
drawbacks of scanning electron microscopy for dental microwear analysis are that preparing 
specimens, imaging surfaces, and identifying features can be incredibly time consuming for even 
one specimen, let alone a large sample. In addition, the cost of supplies for treating the tooth 
prior to scanning, as well as the cost of booking time for the use of a SEM, can be expensive 
(Ungar et al., 2008:396-397). Other issues include high observer error rates, and the fact that the 
two-dimensional images produced by SEM are subject to variation from instrument settings and 
the orientation of the tooth (Gordon, 1988:1140; Scott et al., 2006:339).  
 While the optical light microscope primarily produces qualitative/categorical variables 
analysis, SEM results provide quantitative/continuous variables more amenable to rigorous 
statistical analysis. Metric data such as length, maximum breadth, and angle of orientation for 
each feature (scratches, gouges, and pits) can be recorded, and the density of features, 
proportions of pits to scratches, average length and breadth of pits and scratches, and 
measurement of angle concentration or dispersion may be compared between groups (Gordon, 
1988: 1140). 
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 DMTA was developed to solve the major issues that plagued previous methods for 
microwear analysis, including time and expense, data loss in surface characterization, and 
observer error, by creating a high-resolution 3D point cloud across a range of different scales 
using a scanning confocal microscope (Scott et al., 2006; Ungar et al., 2008:399, 409). These 
point clouds are then smoothed out in a program such as SolarMap (Solarius Development Inc.) 
and surface characteristics are analyzed in scale-sensitive fractal analysis programs Sfrax and 
Toothfrax (Surfract) (Schmidt et al., 2019; Scott et al., 2006). Scott et al. (2006:341) describe the 
parameters that DMTA uses to characterize dental microwear surface texture, such as 
complexity, anisotropy, heterogeneity, and textural fill volume.  
Complexity is a measure of surface roughness (Scott et al., 2006:341). More complex 
structures are coarser and appear rougher (Schmidt et al., 2019). Anisotropy is a measure of 
feature directionality; a highly anisotropic surface will have most of its features follow a 
common direction. Heterogeneity measures the similarity of feature type and direction across a 
surface. Textural fill volume is another parameter to measure both the shape and the volume of 
surface features. These parameters are capable of describing the morphology of pits and 
scratches without the arbitrary definitions for the features that SEM studies rely upon. The 
process of comparing texture between individuals in DMTA is done digitally through the scale-
sensitive fractal analysis programs, so there is far less risk for inter- or intra-observer error 
(Ungar et al., 2008:409). 
 Schmidt and colleagues (2019) produce a massive study to determine if samples of 
foragers, farmers, and pastoralists are distinguishable on a global scale with DMTA. Their results 
show that there are statistically significant differences in mean values of anisotropy and 
complexity between foragers, farmers, and pastoralists. Foragers tend to have microwear with 
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high complexity and low anisotropy, farmers tend to have lower complexity and higher 
anisotropy, while pastoralists are comparable to farmers in anisotropy but have less complexity 
(Schmidt et al., 2019:217-218). The authors argue that these results suggest foragers rely more 
on less processed foods, which create greater complexity in feature morphology, and that, 
because the jaw is moved in many directions during mastication, anisotropy is low (Schmidt et 
al., 2019:218-219). On the other hand, the directionality of masticatory behavior of farmers is 
more consistent due to softer foods requiring less strenuous mastication. Schmidt et al.’s (2019) 
study shows the potential effectiveness for the diagnostic ability of dental microwear in 
determining diet, at least through DMTA. 
 
2.6.7. Porotic cranial lesions 
 Larsen (2015:31-32) synthesizes the competing arguments for the causes of porotic 
cranial lesions, which refers to both porotic hyperostosis found in the outer table of the cranial 
vault and, when observed on the superior surface of the eye orbits, cribra orbitalia. Recent 
investigations regarding the incidence of cribra orbitalia and porotic hyperostosis suggest that the 
skeletal porosities may have different etiologies, particularly when they are not found together 
(Rivera and Lahr, 2017:91). Generally, porotic cranial lesions are considered to be the result of 
anemias; however, there is disagreement regarding what type of anemia could be responsible 
(Rivera and Lahr, 2017; Walker et al., 2009). The body’s response to most anemias is to ramp up 
the production of red blood cells, which results in the expansion of the cranial vault marrow and 
could cause the pitting seen in porotic hyperostosis and cribra orbitalia (Larsen, 2015). 
Iron deficiency anemia is the result of consumption of non-heme food sources or the 
consumption of substances that inhibit iron absorption (Larsen, 2015:31). Meat is considered one 
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of the best sources of absorbable iron (Baynes & Bothwell, 1990). However, phytates that can be 
found in nuts like almonds and walnuts, and in cereals like maize and rice, may inhibit iron 
absorption. Hence, a diet that depends heavily on maize, like that characteristic of many North 
American agricultural tribes, may suffer from iron deficiency anemia. El-Najjar (1976) points to 
this, as well as the use of lime to treat maize in preparation for consumption, as the cause for 
high levels of cranial porosities in the American Southwest. This process, known as 
nixtamalization has been shown to increase calcium content, but despite the decrease in phytic 
acid, Bressani et al. (2002) found no statistically significant difference in iron content. Larsen 
(2015:36) reports mixed support for El-Najjar’s (1976) hypothesis among other maize 
agriculturalists in the New World. In addition to iron deficient diets, chronic blood loss and 
parasitic infection may also reduce levels of bioavailable iron. 
Walker et al. (2009:112) argue that iron deficiency anemia could not be responsible for 
the production of cranial porosities because it is the result of reduced red blood cell production, 
and therefore the marrow of the cranial vault would not expand to create the porosities. They 
suggest that the two forms of anemia that could lead to elevated red blood cell production are 
hemolytic anemias, the result of genetic and some infectious/cancerous pathogens, and 
megaloblastic anemia, which is caused by the malabsorption of vitamin B12 and/or folic acid 
(Walker et al., 2009:112). While hemolytic anemias tend to be rare, megaloblastic anemias are 
relatively common in populations with nutritional deficiencies or with primarily vegetarian diets, 
as B12 is often sourced from animal foods. 
Rivera and Lahr (2017:89) disagree with Walker and colleagues’ (2009) dismissal of iron 
deficiency anemia as an etiology for porotic hyperostosis, stating that the condition does result in 
bone marrow hypertrophy and therefore expansion of cranial diploe. The focus of their article, 
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however, was the etiology of cribra orbitalia. They argue that when cribra orbitalia and porotic 
hyperostosis co-occur an etiology of anemia that causes marrow hypertrophy is likely; however, 
when cribra orbitalia is found without associated porotic hyperostosis, other types of anemias, or 
diseases such as scurvy, may be the cause (Rivera and Lahr, 2017:89-91). 
Regardless of which type of anemia causes porotic cranial lesions, their sudden 
appearance could be suggestive of a dietary transition. It is possible that the phytates found 
within maize, nuts, and legumes, inhibited the absorption of iron, or that the transition to an 
agricultural subsistence base led to general stress or malnutrition. 
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3. MATERIALS 
 Eight boxes consisting of skeletal material from the Lake St. Agnes Mound (16AV26) 
site are curated at Louisiana State University’s Museum of Natural Science. All of the remains 
excavated from the mound are incomplete and fragmentary, and many are encased in soil 
consisting mostly of clayey silt. The secondary burials at the base of the mound were spread out 
in a shallow pit, found in seven different locations, and, according to Toth (1979:25), represent a 
minimum of five individuals, although none were complete. In Toth’s (1979:25-28) description 
of the features, Feature #5 consisted of an adult cranium and a pile of charred bones; Feature #6 
included an adult mandible and some disarticulated bones; Feature #7 was “a very fragile skull;” 
Feature #10 consisted of a child’s cranium with a small mandible nearby; Feature #11 included 
“half a pelvis and several leg bones;” Feature #12 had two crania; and Feature #13 involved a 
bundled pile of bones. 
 Toth (1979:31) designated the late burial pit Feature #8 and described it as an oval-
shaped pit that intruded through the final clay cap at the apex of the mound. The pit, 7’ x 4’ x 
1.8’, contained multiple secondary burials within its small space. He describes the feature as 
consisting of at least ten burials, “for portions of that many skulls were uncovered,” and notes 
that none of the skeletons were complete. Because “several layers of partially extended 
midsections were superimposed,” Toth (1979:32) believes all individuals were buried at the 
same time.  
Despite their mixed appearance, Toth still created burial numbers for each “individual.” 
Burials #1, #2, and #3 were represented by crania and multiple disarticulated long bones that 
spanned most of the length of the burial pit. Little contextual information is provided in Toth 
(1979) for the remaining burials, other than that Burials #7, #8, #9, and #10 were mixed in situ.  
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While the individuals within Feature #8 were buried as a mixed/commingled interment, in the 50 
years following Toth’s excavations, they have likely become more commingled in curation. 
 At the start of this research, some of the remains derived from both the base and the apex 
of the mound were still encased in a thick clay (Figure 3.1). In order to produce a more accurate  
inventory of elements and a detailed bioarchaeological assessment of the individuals buried in 
the mound for this study, muddy concretions with obvious bone inclusions were soaked in water 
to free any fragments, which were then air dried. The soil was also air dried and kept for the 
prospect of future analysis. Distilled water was used in this process to avoid the introduction of 
any extraneous chemicals into the soil or the bone, and to preserve the potential for stable isotope 
analysis. As an added precaution, some small mud concretions without evidence for substantial 
skeletal elements were not washed to retain some of the original specimens. It is unlikely for this 
 
Figure 3.1. Feature #5 mud concretion with exposed, burned temporal fragment. 
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to bias the results of this study, as there are only a few small un-washed mud concretions and the 
only apparent bone within them are microscopic fragments. 
 
3.1. Unidentified skull associated with Lake St. Agnes material 
In one of the boxes containing remains from the Lake St. Agnes mound, there is a 
complete, articulated skull. This skull is anomalous when compared with the other material in the 
collection. It is clear of any sediments, and the skull is much more complete and better-preserved 
than the small fragments that make up the other burials (Figure 3.2). While these factors might 
not be immediately suspicious, the skull also has no documented provenience or museum 
accession number. Although a previous inventory regarded this skull as “7?,” there is no mention 
of the excavation of this skull in any of the expected sources, including a specimen catalog for 
the site, Toth’s (1979) site summary, nor in the extensive photographic resources. Further, this 
 
Figure 3.2. Unidentified Box 7 skull with clearly visible cranial modification. 
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skull cannot be the Burial #7 that was excavated from Feature #8, as this is already represented 
in the collection and more closely resembles the photographs from the 1972 excavation. 
It is likely that this skull was used in a display. Pokines and colleagues (2017) studied 
taphonomic processes that affect skulls in teaching collections. They observed a distinctive, dark 
patina, formed from skin oils and dirt, on skulls that were frequently handled, including those 
from museum displays (Pokines et al., 2017:614). Other frequently identified taphonomic 
processes include pen and pencil marks on some portion of the skull, commonly at or around 
identifiable features or landmarks, and postmortem damage resulting from the repeated action of 
the skull being placed on a hard and flat surface, such as a shelf (Pokines et al., 2017:614, 621).  
The unidentified skull from a box of Lake St. Agnes skeletal material exhibits some 
slight patina buildup along the temporal line, an enigmatic purple ink stain near the left mental 
foramen on the mandible, and postmortem fracturing at and around the occipital condyles 
(Figure 3.3), which Pokines et al. (2017:621) identify as the most common location in cases of 
shelf wear in teaching specimens. Aside from the taphonomic features, the skull also exhibits a 
rather slight cranial modification suggesting the prevention of growth in an inferior-posterior 
direction in the occipital region, resulting in the elongation of the vault in a superior-posterior 
direction (Figure 3.2). This may have made the skull more desirable as a display item. An 
explanation for the skull’s presence could be that it was being used as a display item and 
somehow was incorrectly curated as part of the Lake St. Agnes collection. While it is possible 
there is another story, I do not believe that this skull was recovered during the excavation of the 
Lake St. Agnes Mound site, and for this reason, will be excluding it in the current study. 
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Figure 3.3. Unidentified Box 7 skull with features typical of display specimens; A: Patina 
buildup near the temporal line; B: Postmortem damage at the foramen magnum; C: Ink stain on 
mandible. 
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4. METHODS 
4.1. Radiocarbon dating 
 The mound and burial features at Lake St. Agnes are poorly dated. One conventional 
radiocarbon date, run on a small fragment of the burned cane matting overlaying the Feature #5 
burial, was produced by McGimsey (2010a). The apparent disagreement between the dated cane 
matting (680-885 2cal CE) and Toth’s (1979) estimate of Late Marksville (200-400 CE) based 
on ceramic style warrants reinvestigation. The later burial pit is dated solely on the ceramic 
burial inclusions, which are of Plaquemine origin. 
To create a more robust date range for the burials, one faunal bone sample (a gar 
vertebra) was submitted from Feature #10 of the earlier component at the base of the mound. 
Two bone samples (a mandibular fragment of a medium-sized mammal associated with Burial 
#5, and a deer bone associated with Burial #7) from the later burial pit were also submitted.  
Finally, another sample of the cane matting that was burned over Feature #5 was submitted. All 
samples were sent to the Center for Applied Isotope Studies (CAIS) at the University of Georgia 
for Accelerated Mass Spectrometry (AMS) radiocarbon dating. The AMS date from the cane can 
significantly reduce the range of error from McGimsey’s conventional date, and, for this series of 
dates, only the matting can be directly associated with a burial. The faunal remains from the fill 
in both burial components could be from earlier middens used to backfill the pits. 
 
4.2. Determining the minimum number of individuals 
 Many different procedures are used for the quantification of archaeological skeletal 
remains. Stanton (2014:25-27) describes skeletal quantifications that have been used in 
zooarchaeology and bioarchaeology, including the Number of Identified Specimens (NISP), 
47 
 
which refers to the number of elements or fragments that can be identified to a taxon, the 
Minimum Number of Elements (MNE) which refers to specific elements identified within taxa, 
and the Minimum Number of Individuals (MNI), or the number of individual animals that could 
be identified within taxa. As Stanton (2014:26) points out, the ratio of NISP:MNE and 
NISP:MNI can suggest the level of fragmentation, as high NISP and low MNE would indicate a 
high degree of fragmentation. 
MNI is the most common quantification for human remains. The basic principle of MNI 
is that the same individual is not counted twice in analysis and will very often result in an 
underestimate of the actual number of individuals represented by the skeletal remains (Adams & 
Konigsberg, 2004; Konigsberg & Adams, 2014:195). Konigsberg and Adams (2014:200-201) 
provide an equation for estimating the Most Likely Number of Individuals (MLNI) within 
commingled remains that is intended to be a more accurate representation of the true osteological 
population; however, this method is problematic in heavily fragmented samples, as pair matching 
between fragments becomes incredibly difficult. 
 The traditional method for calculating MNI, based on inventorying standards by Buikstra 
and Ubelaker (1994), is not particularly amenable to the quantification of heavily fragmentary 
remains (Herrmann et al., 2014; Stanton, 2014). As Stanton (2014) discusses, the tertiary 
classification system for bone fragments, which uses the codes “1,” “2,” and “3,” for >75%, 25-
75%, and <25% of the bone represented, respectively, greatly reduces the number of fragments 
that can be utilized for an MNI calculation, favoring larger fragments in analysis. Palmiatto et al. 
(2019) compare quantification methods on a large commingled assemblage of individuals aboard 
the sunken USS Oklahoma and demonstrate that the “traditional” MNI calculation method is 
only effective when assemblages are small and not highly fragmented. 
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 Herrmann et al. (2014) produce a novel method for calculating MNI that is particularly 
useful for samples that are highly fragmented and commingled. The authors defined a set of 
traditional and non-traditional boney landmarks that correlate to explicit points on 17 different 
skeletal elements. The 17 elements that they describe in their method include: cranial elements 
(frontal, maxilla, zygomatic, mandible, temporal, parietal, and occipital), shoulder girdle and arm 
elements (clavicle, scapula, humerus, radius, and ulna), and the pelvic girdle and legs (os coxa, 
femur, tibia, fibula, and calcaneus). Importantly, these are some of the most identifiable elements 
from fragments and are often found in archaeological contexts. This method, therefore, is similar 
in principle to the more traditional MNI calculation methods, in which the most frequently 
repeated element or portion is considered the minimum number of individuals, but the analysis is 
at a more precise scale. 
 Stanton (2014) demonstrates the effectiveness of this method on a heavily fragmented 
and commingled skeletal sample from the Morton Shell Mound (16IB3) site. This site is well 
known for the apparent ritualized fracturing of bones prior to interment (Hays & Weinstein, 
2010). Despite the challenges presented by the spatial separation of the fragments at the site, 
commingling, and extensive fragmentation, the landmark analysis for MNI calculation produced 
far greater number of individuals than traditional segment based MNI (Stanton, 2014:72). This 
number is likely a more accurate “minimum,” because of the degree of detail allowed by using 
specific landmarks rather than general segment descriptions. 
 For this study, I have adapted the methods developed by Herrmann et al. (2014) and 
described by Stanton (2014). The location and three-letter code for each landmark was based on 
Stanton’s (2014) study of the Morton Shell Mound fragmentary and commingled skeletal 
material. I have developed graphics to ease identification of landmarks and replication of this 
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method (Figure 4.1; description for each landmark may be found in APPENDIX A; additional 
graphics may be found in APPENDIX B). Each fragment of any of the 17 elements with defined 
landmarks was entered into an Excel file along with the code for the landmark. To be counted the 
landmark must be visible on the fragment; presence of the surrounding area cannot be counted to 
be certain that a single individual is not counted twice. Any fragment that could be fitted with 
another was considered as a single fragment for data collection in order to simplify the process 
and to avoid erroneously counting the area surrounding landmarks. 
 
Figure 4.1. Inferior clavicle with codes for Landmark-based MNI (as described in Stanton, 
2014); photograph adapted from White et al. (2012). Reprinted with permission of Elsevier. 
 
4.3. Assessing age and sex 
 Determining age and sex for commingled, fragmentary, and incomplete individuals is 
fraught with challenges. For one, not all skeletal elements are indicative of age and sex. For 
many elements, it is only possible to consider the individual as either adult or subadult (though 
even this may be dubious at times) based on factors such as epiphyseal fusion (when epiphyses 
are present), or based simply on size. Fortunately, growth and development are more biologically 
regulated than the skeletal effects of growing old, so age estimations for younger individuals 
may often be more accurate. This is especially true for dental development, such as the timing of 
the formation, eruption, and occlusion of teeth in the jaw (Liversidge et al., 1998). The presence 
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of deciduous teeth, or teeth in the process of forming/erupting can reveal the presence of a 
subadult individual in the commingled assemblage.  
For assessing sex, few elements are truly diagnostic; most qualitative assessments are 
derived from the pelvic bones and more loosely from cranial robusticity. When these elements 
were present, the sex estimation methods outlined within the standards by Buikstra and Ubelaker 
(1994) were used. A few metric methods for sex estimation exist, including femoral and humeral 
head diameter and the labial-lingual breadth of the canine, but these may only be reliable in 
sample-specific studies that assess the distribution curve of these traits in order to estimate the 
ratio of males and females (Gonçalves et al., 2014). Because Lake St. Agnes is a relatively small 
site, a distribution-based sex estimate was not conducted. 
The ratios of fragments indicative of male or female, and infant (0-3 years), child (3-12 
years), adolescent (12-20 years), and adult (20+) (Buikstra and Ubelaker 1994) were compared 
to the MNI produced for both the early and late burial pits to determine an estimated 
demography. Though this estimate is far from an accurate portrayal of the population in life, it 
provides an idea of the possible age range and sex ratio for each burial layer. 
Tooth wear may be the best marker for a composite age estimation for a sample that is 
both fragmentary and commingled. While methods of aging based on macrowear are not 
typically considered to be the most precise or accurate, the relative survival of teeth in 
archaeological samples compared to other skeletal elements make the method attractive in 
problematic samples. The general degree of dental macrowear was considered using the methods 
outlined below for each sample—the earlier burial pit and the later burial pit—to estimate 
whether each group consisted of generally younger or older individuals. While the diet of the 
Lake St. Agnes assemblage is expected to be different from the reference sample used to develop 
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the dental macrowear aging methods, there is not expected to be meaningful differences within 
the earlier burial group and within the later burial group regarding the severity of dental 
macrowear as a result of diet. 
While establishing the age and sex of individuals in commingled and fragmentary 
samples is problematic, it is important, as research suggests there are differences in the sexes for 
caries rates and enamel defects. Lukacs (2012:570) suggests these differences are a result of the 
role that female sex hormones have on the quality of tooth enamel, along with variation in saliva 
quantity and quality. Other demographic patterns in pathology prevalence exist which can 
produce difficulties in analysis. For example, dental macrowear gets more severe as one ages due 
to the inability to remodel enamel as one remodels bone. Porotic cranial lesions also are notably 
more common in younger individuals, as authors have suggested this difference is largely a 
result of different anemias that leave the most diagnostic features during the growing phase and 
may disappear with age due to bone remodeling (Walker et al., 2009). 
 
4.4. Assessing pathologies 
4.4.1. Caries 
 The presence or absence and location of caries for each tooth was recorded following the 
descriptions in Buikstra and Ubelaker (1994). Isolated teeth were included despite the drawbacks 
of such a procedure. Teeth that are devoid of context, such as the age and sex of the individual 
are problematic. Hillson (2008:313) writes that it is essential to divide teeth into age groups due 
to the age-progressive nature of dental pathologies, and Lukacs (2012:570) and Demirci et al. 
(2010) write of the differences in oral pathology between the sexes. Nevertheless, the removal of 
isolated teeth from this analysis would limit the sample far too much. For this study, the 
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estimation of the effects of caries within each sample (the early burial pit and the late burial pit) 
was based on the percentage of teeth affected by carious lesions compared to the total number of 
teeth assessed for each tooth type. While Hillson (2008:316) writes that this practice ignores the 
varied survival of different tooth classes and the ability to distinguish age and sex, this method 
was preferred for this study because of the limited sample size. 
 
4.4.2. Calculus 
 Dental calculus, while not particularly diagnostic for any subsistence strategy, is 
relatively simple and quick to record (Hillson, 2008:312). It has also been demonstrated to 
suggest general frailty in a population, with those affected dying at a younger age than those not 
affected (Yaussy & DeWitte, 2019). The recording of dental calculus followed Brothwell’s 
(1981) three-stage score, which is also outlined in Buikstra and Ubelaker’s (1994) standards, as: 
(0) the absence of calculus; (1) a small amount of calculus; (2) a moderate amount; and (3) a 
large amount of calculus. Isolated teeth were also included and reported both by counts of 
presence/absence for all observable teeth as well as degree of severity for those affected. 
 
4.4.3. Periodontal disease 
 Periodontal disease was recorded based on the stages outlined by Lukacs (1989). The 
stages refer to the relative amount of exposed root, ranging from: (0) no root exposure; (1) less 
than half of the tooth root exposed; (2) more than half of the tooth root exposed; (3) the presence 
of only remnants of alveolar socket; and (4) the complete resorption of the alveolar socket. The 
presence/absence of periodontal disease for each observable alveolus was recorded when a tooth 
was present or had been lost antemortem. When a tooth was missing postmortem, which was 
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relatively common, evidence for porosity within and around the socket was assessed to suggest 
possible pathological involvement. These cases were not considered regarding severity of the 
disease but were included in its presence or absence. 
 
4.4.4. Linear enamel hypoplasias 
The presence or absence of linear enamel hypoplasias was recorded for each tooth with at 
least half of the crown remaining. Teeth that exhibit extensive wear, in which more than half of 
the crown was eroded, were not included in the LEH study as it is possible for the defect to be 
worn away. There were no instances of pit or plane-form enamel hypoplasias in the Lake St. 
Agnes sample. The width of defects was not measured as this has been demonstrated to be an 
imprecise representation of stress episode duration because the recovery phase of the episode is 
necessarily included in the measurement (Hubbard et al., 2009). No attempt will be made to 
determine the age of the individual when the defect occurred as this is beyond the scope of the 
current study. For each burial component, the percentage of teeth affected by LEH relative to the 
number that could be assessed is reported. 
 
4.4.5. Porotic cranial lesions 
All fragments of frontal, parietal, occipital, and superior orbital surface, in which at least 
25% of the bone or bone surface is present, were scored for porotic cranial lesions. These lesions 
were scored as: (1) indistinct porosity; (2) true porosity; (3) coalescing pores; and (4) coalescing 
pores in association with expansive changes, following the standards of Buikstra and Ubelaker 
(1994). When varying degrees of porosity are observed, the most extreme is coded (Buikstra and 
Ubelaker, 1994:121). No differentiation was made between active pathology and stages of 
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healing. These data are reported separately by side as a percentage of the number of fragments 
affected by the number of observable fragments, in addition to the severity for both the early and 
late burial pits. 
 
4.4.6. Dental macrowear 
 The degree of dental macrowear was recorded for all teeth, including loose teeth, 
following the standards developed by Buikstra and Ubelaker (1994). This includes the eight 
stages of wear defined by Smith (1984) for incisors, canines, and premolars, as well as Scott’s 
(1979) 0-10 score per quadrant for molar wear. It is important that stages of wear are recorded 
for all tooth types as it has been shown that different subsistence methods develop differential 
wear on the various tooth types (Larsen, 2015:284). Average wear between the two samples will 
be reported for each tooth type. Further, the presence of molars with wear that appears “cupped” 
was recorded, as Larsen (2015, 284) notes that tooth wear in agriculturalists tend to be more 
concave compared to flat-plane wear in foraging groups. 
 
4.4.7. Dental microwear 
The methods outlined here represent a combination of techniques developed for the low-
magnification (Solounias & Semprebon, 2002; Semprebon et al., 2004), SEM (Gordon, 1988), 
and DMTA studies (Schmidt et al., 2019). Ten teeth were selected for the microwear study; care 
was taken so that the sample contained no more than one tooth from a single individual, under 
the assumption that teeth from the same individual should show similar microwear.  
First, all teeth that were amenable to microwear analysis, such as those with relatively 
little macrowear, no postmortem damage, gross pathology, or excessive mud concretions, were 
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selected. Only four teeth from the early burial pit met the criteria; all of these were included in 
the study, despite two of the teeth being third molars, and two having more extensive macrowear. 
The sample from the early pit includes one mandibular right second molar from Feature #6, two 
mandibular right third molars from a second mandible in Feature #6 and Feature #13, and one 
maxillary right second molar from Feature #12. The later burial pit sample (n=6) was chosen to 
provide a good comparative sample to the teeth selected for study from the early burial pit. As 
such, a combination of maxillary and mandibular second molars from different burial contexts 
were selected and care was taken to not have teeth from the same individual represented in the 
sample twice. In one case, the selected maxillary left second molar belonging to Burial #5 was 
clearly the antimere of the molar from Burial #6, suggesting that the commingling of remains is 
an issue despite the burial labels. The late burial sample includes three mandibular right second 
molars from Burial #7, the commingled Burials #7, 8, and 9, and the unassociated remains from 
the east section of Feature #8 given the Catalog #1754, one maxillary right second molar from 
Burial #1, and two maxillary left second molars from Burial #5, and Catalog #1714, an 
unprovenienced Feature #8 tooth. 
Following the procedures developed by Solounias and Semprebon (2002:7) and 
Semprebon et al. (2004), who call for a return to low magnification light microscopy, the Lake 
St. Agnes sample was viewed at 35X magnification using a standard light stereomicroscope 
(Leica StereoZoom 7). According to these authors, microwear features are most evident when a 
bright light source is shone on the casts at a low, oblique angle to the occlusal surface. For this 
study, the Schott Ace 1 150W fiber optic illuminator with dual goosenecks was used to great 
effect. Epoxy casts were created and observed because the surface of natural enamel is too 
reflective for features to be reliably identified. The use of casts is a standard practice in all 
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methods of dental microwear analysis (Schmidt et al., 2019; Scott et al., 2006; Semprebon et al., 
2004; Solounias & Semprebon, 2002). 
The process of creating high-resolution replicas of M2s was outlined in Scott et al. 
(2006:340). Original, un-damaged specimens were cleaned with acetone-soaked cotton swabs 
and left to dry completely. A polyvinylsiloxane impression of each tooth was created using 
PRESIDENT light body (Coltène) dental impression material. First a small mound of the 
impression material was placed on a surface covered in wax paper, then the occlusal tooth 
surface was covered in the material and inserted into the mound, finally the sides of the tooth 
crown were covered to create a sizable well for the epoxy to be poured (Figure 4.2). The dental 
molds were allowed to rest for 24 hours before the teeth were carefully removed. An epoxy resin 
(Buehler EpoxiCure 2) was mixed with the hardener at a ratio of 3:1 by hand for approximately 
 
Figure 4.2. Creating dental impressions with polyvinylsiloxane impression material. 
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five minutes and was then placed on a dental vibrating table to release any large air bubbles that 
might have formed. This mixture was then slowly poured into the dental molds and allowed to 
set for 24 hours. 
Certain teeth, and facets on the tooth surface, are more likely to exhibit dental microwear 
features. Multiple studies have demonstrated the reliability of the phase II facets on the molars 
due to the tendency for grit to produce both scratches and pits on these facets during mastication 
(Hogue & Melsheimer, 2008:232; Schmidt, 2010; Schmidt et al., 2019). Specifically, facet 9, a 
phase II facet on the hypoconid (distobuccal cusp) of mandibular molars, and the protocone 
(mesiolingual cusp) of maxillary molars have been common sites of study (Petraru et al., 2020; 
Schmidt et al., 2019); these were assessed here (Figure 4.3). Studies have also shown the 
usefulness of other molar teeth in the investigation of diet through microwear analysis (Schmidt 
et al., 2019). 
 
Figure 4.3. Location of facet 9 on maxillary right second molar (Left), and mandibular right 
second molar (Right). 
 
Complexity and anisotropy are the most relevant variables in determining diet (Schmidt 
et al. 2019:208). To determine the degree of complexity, the ratio of different microwear features 
was considered. Scratches were counted for each tooth and their general texture was scored, 
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qualitatively, following the scale produced by Semprebon and colleagues (2004:122) as: (1) fine; 
(2) mixture of fine and coarse; (3) coarse; (4) mixture of course and hypercoarse; and (5) 
hypercoarse. These scores refer to the size of the grit that created the features; fine scratches 
appear as very thin lines, while coarse scratches have a measurable width, and hypercoarse 
scratches are deeper and wider. Pits are rounded features with depth, and for this study, were 
simply counted for each tooth. The degree of anisotropy was estimated for each tooth with a 
score of (1) being a complete lack of anisotropy, or random direction of scratches; (2) being 
slightly anisotropic; and (3) signifying a high degree of anisotropy. 
Finally, in an attempt to minimize intraobserver error, I scored each tooth on three 
separate occasions and am reporting the mean score for the number of pits and scratches and the 
mode for scores of anisotropy and complexity. Confirmation bias was remedied through the 
assignation of numbers 1-10 to the casts with the provenience information covered so that I 
would not know whether a tooth belonged to the early or late burial pit. Obviously, interobserver 
error, which is considered high in most methods for dental microwear analysis, will remain an 
issue in this study. Though dental microwear analyses are often fraught with small sample sizes 
given their use in paleoanthropological study, it is not recommended for the results of the Lake 
St. Agnes sample to be compared to other populations because of the many issues with the 
skeletal sample. Rather, it is intended to be a description of dental microwear to provide 
evidence for dietary variation between the two burial components at the Lake St. Agnes Mound 
site. 
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4.5. Statistical analyses 
 Due to the small size of the Lake St. Agnes Mound sample (15 individuals, according to 
Toth’s field observations), it is necessary to exercise caution in the interpretation of statistical 
tests. Three different types of variables were produced through the analyses outlined above; these 
require different statistical techniques to compare the early and the late burial samples. The 
presence or absence of different diseases by burial horizon can be presented in the form of 2x2 
contingency tables. In these cases, a two-tailed Fisher’s exact test was performed to assess the 
degree to which the two samples varied. This is a test of statistical significance that produces 
exact p-values for samples of small size, such as those studied here. Ordinal variables, including 
the scales of disease severity, will be compared using the Mann Whitney U test. The Mann 
Whitney U test is a non-parametric equivalent to the independent t-test and compares the 
probability of a randomly selected value from one sample being greater than a randomly selected 
value from another sample. Periodontal disease and porous cranial lesions suffer from extreme 
sample size issues, in which almost all the recovered data for the early pit derive from a single 
individual. As such, no statistical tests were performed. 
 Dental macrowear is interesting, particularly for molar wear. Although molar wear is 
technically an ordinal variable, as wear is scored on a qualitative scale based on the degree of 
underlying dentine exposure for the four quadrants of the occlusal surface (Scott, 1979). These 
scores are then added together to determine an overall wear score for the whole tooth, so it acts 
like a quantitative variable, producing a distribution of many different possible scores with a 
range from four to 40. To test the difference between molar wear scores of the early and late 
burial pits, an independent t-test was performed. The wear scores for the other teeth were 
compared using the Mann Whitney U test, as these behave like normal ordinal variables. 
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Gordon (1988:1146) refers to dental microwear as inherently a statistical method. The 
numerical variables, including the number of pits and scratches identified and the ratio of pits to 
scratches, were compared between the two samples (early and late pits) using an independent 
two-tailed t-test. The degree of anisotropy and complexity, being ordinal variables, were 
compared using the Mann Whitney U test. 
The null hypotheses (H0) for all tests will be that there is no difference between the two 
samples. Failure to reject the H0, that there is no statistically significant difference between the 
two samples, could support a theory of consistency in diet and/or health between the two 
culturally and temporally distinct samples at Lake St. Agnes. Rejecting the H0 might suggest 
temporal variation. 
 
4.6. Expectations 
 If these two burial components do indeed date to the early Coles Creek period (CE 680-
885; based on McGimsey’s [2010a] radiocarbon date for the earlier burial component) and to a 
Plaquemine subperiod (CE 1200-1400) occupation (based on Toth’s [1979] pottery analysis), 
one might expect some differences in dietary evidence. If the AMS dates produced for this study 
agree with Toth’s (1979) assessment for a late Marksville period early burial component, these 
differences are expected to be even more dramatic. 
 The first archaeological evidence for the cultivation of plant crops like maygrass, 
chenopod, and knotweed are found during the Coles Creek period in the northern extent of the 
culture (Roe & Schilling, 2010). Little evidence supports the presence of maize in Coles Creek 
contexts, and when it is present, it composes a very minor percentage of the diet (Fritz & Kidder, 
1993; Listi, 2011, 2018). Because Coles Creek diet is composed of fish and game, as well as nuts 
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and herbaceous plants including the above-listed small grains, it is expected that the dental 
micro- and macrowear, as well as the degree of pathology, will be strongly indicative of a 
hunting and gathering subsistence strategy. Also, there will likely be high complexity and low 
anisotropy in microwear, relatively advanced dental macrowear, and overall low levels of oral 
pathology and evidence for anemia. 
 The Plaquemine burials may provide an interesting comparative sample, as there is a 
possibility for a greater reliance on agricultural products including maize. An increased reliance 
on maize agriculture, or possibly an increased reliance on the other phytate, and carbohydrate-
rich domesticates, has been demonstrated in many studies to produce an increase in oral 
pathologies (Danforth et al., 2007; Larsen, 2015; Listi, 2011). If the Plaquemine period 
individuals at Lake St. Agnes were involved in a greater degree of horticultural or agricultural 
subsistence, there will likely be less complexity and greater anisotropy in microwear (as seen in 
Schmidt et al., 2019), less macrowear as a result of softer foods being consumed, and a general 
increase in pathology load. 
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5. RESULTS 
5.1. AMS radiocarbon dating 
 Two samples from the early burial pit (burned cane matting over Feature #5, and faunal 
bone from nearby Feature #10), and two samples from the late burial pit (faunal bone from 
nearby Burials #5 and #7) were analyzed by CAIS at the University of Georgia. Both burial pits 
contained midden as backfill. Whether these middens (and the faunal bone samples) were 
penecontemporaneous with the burial events or preceded them is an open question. All of these 
dates should be considered terminus post quem (TPQ) dates, or the date after which the burial 
happened. 
The faunal bone associated with Feature #10 in the earlier burial pit produced a 
conventional, corrected date of 1440 ± 20 BP. When calibrated, this sample produced ranges 
from (CE): 1 cal 605-628 (73%) and 2 cal 594-650 (100%) (Table 5.1). These are very late 
Baytown period date ranges. They are older than the calibrated dates on cane produced by 
McGimsey (2010a). 
The faunal bone from the later burial pit’s Burial #5 produced a conventional date of 540 
± 20 BP. When calibrated, the faunal bone produced a range (CE): 1 cal 1402-1422 (100%) and 
2 cal 1395-1429 (88%). This age is consistent with Toth’s (1979:11) estimate of CE 1400. The 
faunal bone from Burial #7 produced an older conventional date of 1090 ± 20 BP, which, when 
calibrated, separated into three ranges for both 1 sigma and 2 sigma probabilities. Calibrated 
ranges for Burial #7 are (CE): 1 cal 899-919 (39%) or 973-993 (47%) and 2 cal 893-930 (38%) 
or 942-995 (59%). As this date is far earlier for the other faunal bone within the same burial pit 
(Feature #8), it is suspected that this represents the midden of an earlier occupation that was used 
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as fill for the burial feature. Considering these two dates, CE 1400 is a TPQ for the later burial 
pit. 
Table 5.1. AMS age ranges for the radiocarbon samples from the early and late burial pits; All 
dates were calibrated with Calib Rev 8.1.0 (Reimer et al., 2020). 
 
 
 The burned cane matting from Feature #5 initially produced an incomprehensible 
conventional date of 4090 ± 20 BP. This was problematic as this is the sample that is most 
closely associated with the burials. Closer inspection of the cane by CAIS revealed the presence 
of a tar-like substance on parts of the sample which may have been used as a type of adhesive or 
to provide waterproofing. A sample of the tar and a portion of the cane apparently clear of this 
substance were assayed. The cane matting returned a conventional age of 1220 ± 21 BP, which, 
when calibrated, produced age ranges for the 1 sigma probabilities (CE): 786-831 (71%) or 852-
875 (27%), and a 2 sigma range (CE): 781-883 (89%). The tar sample produced a much older 
conventional age of 7150 ± 20 BP. This suggests that the initial date was skewed by the presence 
of the tar and produces a date for the early burial pit that is in close agreement with McGimsey’s 
(2010a) conventional date. 
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5.2. Minimum number of individuals 
 The minimum number of individuals represented in both the early (Coles Creek period) 
burial pit and later (Plaquemine subperiod) burial pit was estimated using a landmark-based 
method developed by Herrmann et al. (2014) and Stanton (2014). As noted in Chapter 4, this 
method produces a minimum number of elements with a greater degree of specificity than more 
traditional MNI estimation methods, which may consider whole elements or broadly described 
portions of elements (i.e., proximal left ulna). The use of landmarks allows for the greater 
representation of fragments in an osteological sample, provided they can be accurately and 
consistently identified, and the side the element belongs to can be determined. The most 
frequently repeated landmark belonging to a single side represents the MNI for the site. 
 For the Coles Creek period burial pit, a total of 66 bone fragments included identifiable 
landmarks and were assessed for MNI estimation. The most frequently identified landmark for 
this burial layer was the internal auditory meatus of the right temporal bone (n=4). When age 
estimates are considered for the fragments, a greater MNI can be achieved. Although there are 
only three repeated landmarks of the distal right humerus among the fragments from the earlier 
burial pit (the superior edge of the olecranon fossa), all three of these individuals are adult. The 
skeletal sample also includes a complete neonatal humerus, and the proximal end of a left 
subadult humerus (these elements cannot belong to the same individual; Figure 5.1). Therefore, 
the MNI for the Coles Creek burial pit at the base of the mound is five individuals. The focus on 
fragments alone highlight one drawback of the landmark-based approach, compared to more 
traditional MNI estimation methods, which is likely more apparent in small samples. The degree 
of dental development and macrowear suggest that of the three adults, one was approximately 
16-20 years of age based on third molar eruption, the other two individuals were older adults, 
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though an accurate age determination was not possible due to the degree of fragmentation. This 
MNI and demographic distribution agrees with Toth’s field observations in which he suggests a 
minimum number of five individuals buried including at least one child and one infant (Toth, 
1979:25-28). 
 
Figure 5.1. Basis for MNI=5 for Coles Creek burial pit: Repeating distal humeri and additional 
neonate and juvenile fragments. 
 
 The MNI estimation for the Plaquemine burial pit at the apex of the mound involved 162 
bone fragments with identifiable discrete landmarks (for a breakdown of elements identified for 
each burial pit see Table 5.2; for a list of all fragments per landmark see APPENDIX C). Toth 
(1979:32) surmises that a minimum of ten individuals were interred together in this burial pit as 
“portions of that many skulls were uncovered.” I was unable to identify that number of repeated 
landmarks from the skeletal collection, although there are many, very small cranial fragments 
that could not be more accurately placed than, for example, “unsided parietal fragment.” Further, 
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the parietal is the element with the fewest number of discrete landmarks (n=9) according to the 
methods developed by Herrmann et al. (2014), which limits the usefulness of those elements for 
contributing to the MNI. 
Table 5.2. Fragment count by element and side; note that unpaired elements are listed under the 
column for unsided fragments. 
 
 The most frequently repeated landmark(s) for the Plaquemine period burial pit are the 
inferior edge of the gluteal tuberosity on the left femora (n=8) and the external occipital 
protuberance of the occipital bone (n=8). A dental inventory confirms an MNI of eight for the 
later burial pit, as that many mandibular right and left second molars were identified. Unlike the 
earlier burial pit, age estimates do not clarify the MNI estimation. The skeletal remains of the 
late pit represent at least one child, based on the eruption of the 1st premolar (in process) and the 
degree of fusion of vertebral elements, the sternum, and distal humerus. There were no repeated 
elements representing juveniles. At least three adolescents approximately between the ages of 15 
and 20 years are represented in the later pit material based on the presence, formation, and 
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eruption of 3rd molars. There are then at least four adult individuals, including at least one 
probable male, and one probable female, from mandibular and iliac features. As was discussed 
above, more specific demographic information is not possible for this sample because of the 
degree of fragmentation and commingling. The earlier burial pit sample was small enough to 
allow a more detailed demographic estimate. 
 
5.3. Pathology 
5.3.1. Caries 
 Caries was scored based on individual teeth, including loose teeth, for each tooth type in 
both the early and the late burial pits (Table 5.3). For the early burial pit, caries was identified in 
a single incisor, and in the later burial pit, in one canine, two premolars, and eight molars. The 
overall frequency of observed lesions in the early pit was 3.4%, whereas, in the late burial pit 
8.9% of teeth were affected. The location of caries on the tooth was not amenable to comparison 
between samples, as the early pit had only one affected tooth (smooth surface, n=1). The later pit 
exhibited some variability in the location of caries with occlusal caries on molars (n=3) and a 
premolar (n=1), interproximal caries present on a canine (n=1) and a molar (n=1), cervical caries 
on molars (n=4), and one large occlusal carious lesion on a premolar (n=1). 
Table 5.3. Caries comparison between early and late pit by tooth type. 
 
 The presence and absence of caries for both the early and later burial samples is 
presented in a contingency table in Table 5.4. These data were tested using a two-tailed Fisher’s 
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exact test of statistical significance with a significance level of .05. The results of this test 
produced a p-value = .46, which is not statistically significant. Therefore, the H0 that there is no 
difference between the early and late burial pit for caries cannot be rejected. 
Table 5.4. Caries contingency table demonstrating presence/absence of trait between samples. 
 
 
5.3.2. Calculus 
 The presence or absence, as well as the severity, of dental calculus was recorded for each 
tooth, including loose teeth. Both samples exhibit calculus deposits, with 65.5% of observable 
teeth affected in the early burial pit, and 27.9% of observable teeth affected in the late burial pit. 
All tooth types were affected (Table 5.5). In both samples, calculus was not severe. In the early 
pit, 78.9% of affected teeth exhibited a small amount of calculus, and in the late pit, 88.2% of the 
affected teeth received that score (Table 5.6). The average score for affected teeth in the early pit 
(1.2) was greater than the later pit (1.1), but not substantially so. The Mann Whitney U test was 
performed using the severity data and demonstrated no statistically significant difference in 
severity between the two samples (p = .38; z = .88). 
Table 5.5. Calculus comparison between early and late pit by tooth type. 
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Table 5.6. Calculus severity by tooth type for the early and late burial pits. 
 
 A contingency table was created to demonstrate the presence and absence of calculus on 
the observable teeth from the Lake St. Agnes sample (Table 5.7). A two-tailed Fisher’s exact test 
of these data produce a p-value < .001, which is statistically significant at the .05 level, 
successfully rejecting the H0 of no difference between the samples for calculus prevalence. So, 
while there is little difference observed between the severity of dental calculus, there is 
comparatively more affected teeth in the early pit than the late pit. 
Table 5.7. Calculus contingency table demonstrating presence/absence of trait between samples. 
 
 
5.3.3. Periodontal disease 
 Periodontal disease was scored for each observable alveolus using Lukacs’ (1989) scale 
when the tooth was either present in situ or lost antemortem. Teeth that were lost postmortem 
were scored for periodontal disease based on the presence or absence of porosity on the alveolar 
bone. Both the Lake St. Agnes Mound samples exhibit high incidences of periodontal disease, 
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with 90.9% of observable sockets of the early pit and 80.6% of observable sockets of the late pit 
showing signs of pathology (Table 5.8). 
Table 5.8. Periodontal disease comparison between early and late pit by tooth socket. 
 
As was mentioned previously, the early pit suffers from a very small sample size. When 
empty sockets are considered, the sample includes only two small mandibular fragments with left 
molar sockets present (both Feature #6 mandibles), and empty maxillary canine and premolar 
sockets (Feature #12). While it is possible for antemortem tooth loss shortly prior to death to 
resemble porosity caused by periodontal disease, it is unlikely to be a significant factor in small 
samples with extensive postmortem tooth loss, like the Lake St. Agnes Mound skeletal 
assemblage.  
Regarding the severity of disease (Table 5.9), the maxillary sockets cannot be assessed 
due to postmortem tooth loss, one Feature #6 mandible is heavily damaged, and the other is 
charred with some mud concretions on the tooth surfaces. As such, the basis for comparing the 
severity of periodontal disease between the early and late pit is not strong. While a statistical 
comparison between the two samples is inappropriate, it is important to note that there exists a 
range of severity in the later burial pit with each stage of the disease represented. Of the affected 
tooth sockets, 55.6% were slight with less than half of the root exposed, 11.1% were more severe 
with over half the tooth root exposed, 11.1% exhibited antemortem tooth loss in which the 
alveolar bone was incompletely healed, and 22.2% had no remnant of the tooth socket 
remaining. 
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Table 5.9. Periodontal disease severity by tooth socket for the early and late burial pits. 
 
 
5.3.4. Linear enamel hypoplasias 
 The presence or absence of linear enamel hypoplasias was recorded for individual teeth, 
including isolated teeth, by tooth type. When more than half of the crown was missing either due 
to damage or excessive wear, the tooth was not included in analysis. The incidence of enamel 
hypoplasias in both the early and late burial pit was not very high, with 6.9% of the observable 
teeth in the early pit and 10.1% of observable teeth in the later burial pit exhibiting enamel 
hypoplasias (Table 5.10). The affected teeth in the early pit sample include an incisor (n=1; 
Figure 5.2) and a canine (n=1), while the most frequently affected tooth in the later burial pit was 
the canine (n=4). 
Table 5.10. Linear enamel hypoplasia comparison between early and late pit by tooth type. 
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Figure 5.2. Linear enamel hypoplasia on maxillary central incisor (early burial pit) (arrow). 
 A contingency table was produced to show the difference between the early and late 
burial pits regarding the presence and absence of linear enamel hypoplasias (Table 5.11). A 
Fisher’s exact test of statistical significance produces a p-value = 1.0, which is not significant at 
the .05 level and fails to reject the H0 that there is no difference between the samples. 
Table 5.11. Linear enamel hypoplasia contingency table demonstrating presence/absence 
between samples. 
 
 
5.3.5. Porotic cranial lesions 
 Porotic cranial lesions were recorded for all fragments with at least 25% of the bone 
present. Including such small fragments can result in the overcounting of pathology load by 
recording the same individual multiple times. However, removing all fragments representing 
even 25-75% of the bone, the next largest stage in the standards of Buikstra and Ubelaker (1994), 
73 
 
would have limited the sample far too much. Despite the use of fragments in this analysis, there 
is still a problem with small sample size for the early burial pit. For most elements, only a single 
individual (Feature #5) is represented, with an additional right eye orbit from Feature #7. Cranial 
fragments from at least one other individual were present in the early pit assemblage, but were 
too fragmentary to include. For the later burial pit, the observed fragments come primarily from 
four individuals, Burials #2, #5, #7, and #9. Fourteen other cranial fragments were < 25% 
complete and were not included. As such, a statistical comparison between burial components is 
not appropriate for these remains. 
 The number of affected and observable fragments for each burial component listed by 
bone is presented in Table 5.12. Almost every cranial fragment that fit the criteria to be included  
in this analysis exhibited evidence for porosity. Only two fragments in the early burial pit (a 
frontal fragment and a right eye orbit), both from Feature #5, and only a single left eye orbit from 
Burial #8 in late pit, were free of porotic lesions. Both individuals appear to be adult. Many of 
the fragments that exhibited porotic lesions also showed some degree of healing. Overall, porotic 
cranial lesions were prevalent at the Lake St. Agnes site. 
Table 5.12. Porotic cranial lesion comparison between early and late burial pit by bone. 
 
 All affected elements for the early burial pit that exhibit indistinct porosity belong to the 
same adult individual (Feature #5), and an additional adult individual (Feature #7) is represented 
by an additional right eye orbit that also exhibits the second stage of the pathology. While the 
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severity of lesions cannot be compared statistically between the two burial components due to 
the small sample of the early pit, the severity of the later pit is varied (Table 5.13). Of the  
Table 5.13. Porotic cranial lesion severity by bone for the early and late burial pits. 
 
fragments from the later pit with some porosity, 34.6% exhibited indistinct porosity; 46.2% 
exhibited the second stage, distinct porosity; 15.4% had pores that had coalesced, the third stage; 
and in one fragment, a left eye orbit (3.8%), there were expansive changes associated with the 
coalescing pores (Figure 5.3. [Left]). Overall, 80.8% of the affected fragments from the later  
 
Figure 5.3. Expansive changes of the left orbit from cribra orbitalia (Left); Distinct pores located 
on small parietal fragments (Right). 
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burial component were of the first two stages, suggesting relatively low severity in the sample, 
with one individual (Burial #2), a possible female adult, exhibiting more severe pathology. 
 
5.3.6. Dental macrowear 
 Dental macrowear was scored for non-molar teeth using Smith’s (1984) qualitative scale 
for the exposure of underlying dentine, and for molar teeth following the methods outlined by 
Scott (1979). The minimum and maximum score, as well as the mean for each tooth type and 
groups of anterior and posterior teeth are presented in Table 5.14. For each tooth and tooth group 
assessed, the early burial pit exhibited greater overall macrowear. The Mann Whitney U test was 
used to compare the wear distributions of the early and late pit for incisors, canines, and 
premolars, because these were assessed on an ordinal scale. Incisors and canines alone could not 
be compared between burial components because of the small sample size, but the degree of 
combined incisor and canine wear did not produce a statistically significant difference between 
the two samples at the .05 level (p = .83; z = .22). When premolars are added to this group, the 
difference becomes significant (p = .02; z = 2.29), because premolars in the early burial pit 
exhibit comparatively heavier wear than the anterior teeth in the same sample. This suggests that  
Table 5.14. Dental macrowear comparison of mean values between early and late burial pits by 
tooth type and tooth group. * denotes statistical significance.  
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there is an uneven distribution of wear in the early component in which the posterior wear drives 
the significance. 
The scoring of molar wear using Scott’s (1979) scale produces an interesting distribution 
that mimics quantitative variables due to the summation of molar quadrants, rather than the 
ordinal scale used for the other teeth. Therefore, an independent t-test may be the more 
appropriate test to assess the difference between the two samples. Because the late burial pit 
sample includes multiple individuals with third molars that were either in the process of erupting 
or that were only briefly in occlusion, the comparison of first and second molars is a more 
valuable significant difference of macrowear (p = .006; t = 3.00). A box plot displaying the 
distribution of macrowear for first and second molars combined is presented in Figure 5.4. The 
early pit includes a greater variability in wear scores and as such, appears spread out, while the 
later burial pit is more consistent and condensed. 
 
Figure 5.4. Box plot of macrowear for combined M1s and M2s for the early and late burial pits; 
Values above each plot for minimum; 1st quartile, median, 3rd quartile, maximum. Note two 
outlying points in the late burial pit. 
77 
 
 The severity of wear was not the only dental macrowear attribute assessed in this study. 
Larsen (2015:284) writes of the tendency for groups with an agricultural subsistence strategy to 
have wear that appears cupped and to have a more angled occlusal plane compared to the 
generally flat wear in hunter-gatherer samples. Molar wear that could be described as “cupped” 
was found in both the early (22.2%) and the late (8.8%) burial sample (Figure 5.5). This cupped 
appearance was also often accompanied by higher angles of occlusal wear. Table 5.15. contains 
counts of presence/absence of “cupped wear” for the early and late burial pits. A Fisher’s exact 
test of statistical significance produces a p-value = .21, which is not significant at the .05 level. 
This suggests that, although overall degree of macrowear is more severe in the early burial pit, 
the patterning of wear does not exhibit a distinct change over time. The difference in overall 
wear, therefore, could be a result of the age of individuals represented in the burial samples 
rather than change in diet. 
 
Figure 5.5. “Cupped” wear in mandibular right molar from the early burial pit (left), and 
maxillary right molar from the late burial pit (right). 
 
Table 5.15. Dental macrowear contingency table demonstrating presence/absence of cupped 
wear between early and late burial pit. 
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5.3.7. Dental microwear 
 Ten teeth were selected for the microwear study, including four from the early burial pit 
and six from the later pit. For each tooth, the number of microscopic pits and scratches were 
counted, and the texture and degree of anisotropy were assessed on an ordinal scale (Table 5.16) 
using methods described by Semprebon et al. (2004). There was quite a bit of variation in both 
groups regarding the counts of pits and scratches and the degree of anisotropy, but there was 
little variation in texture score. The mean pit count for the late burial pit (42.2) is slightly less 
than the average pit count for the early burial sample (44.5), but the percentage of pits to the total 
number of microscopic features is nearly the same for both samples (48.84% for the late burial 
sample and 48.78% for the early burials). All but one tooth from the early pit had a mixture of 
fine and coarse scratches (Figure 5.6). Interestingly, the same tooth, a mandibular right third 
molar from one of the Feature #6 mandibles, scored as having a “mostly coarse” texture also had 
the highest number of scratches to pits (75.9%). It is unclear if this is a result of the tooth type, 
age of the individual, if the variables are related, or another factor. 
Table 5.16. Dental microwear results. 
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Figure 5.6. Mandibular molar under 35X magnification with a mixture of fine and coarse 
scratches and low anisotropy. 
 
An independent t-test was performed for the numerical data to compare the two samples. 
No statistically significant difference was found at the .05 level for any of the variables, 
including the number of pits (p = .74; t = -.35), the number of scratches (p = .88; t = -.16), and 
the percentage of pits (p = .99; t = .01). For the ordinal variables of texture and anisotropy, the 
Mann Whitney U test was used to compare the two samples. A comparison of the texture score 
between the early and late burial samples produced a p-value = .31 (z = -1.02), which is not 
statistically significant, and the difference between the samples for the degree of anisotropy is 
also not statistically significant (p = .46; z = .73). Overall, none of the variables assessed here 
demonstrated any meaningful difference between the two samples, failing to reject the H0 of no 
difference. 
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 There was some intraobserver error, which was mitigated to some extent by performing 
the assessment on three separate occasions and reporting the mean scores for the numerical 
variables and the mode for the ordinal scores. Achieving consistency in the counts of pits and 
scratches was challenging at a 35X magnification; as Figure 5.6 adequately shows, there were 
many microscopic features (see also APPENDIX D for photographs of the other tooth casts). 
Further, in order for the features to be visible, the light source needs to hit the tooth at a very 
precise, oblique angle that was difficult to replicate. The scoring of dental microwear features 
could not be performed solely from photographs of the casts because it is necessary to 
continually change the focus of the microscope to see surfaces of different height. As many of 
the teeth assessed here were relatively unworn, the surfaces under study are often sloped and 
require different depths of focus. 
 
 
 
 
 
 
 
 
 
 
 
 
81 
 
6. DISCUSSION 
 The image produced by the Lake St. Agnes Mound site skeletal analysis is not one of 
drastic change or dietary transition, but one of consistency through time. This interpretation is 
consistent with earlier investigations into the site, and Coles Creek period subsistence in general 
(Kidder, 1992; Listi, 2010, 2011).  
 
6.1. Osteological Paradox and mortuary biases 
 Approaching the issue of potential biases in the sample of individuals excavated from the 
Lake St. Agnes Mound site in 1972, it is helpful to consider Milner et al.’s (2008) series of 
transitions one-by-one. The Living—Dead transition, regarding how the demographics of a once-
living population changes through death, is one of the more complicated, but luckily among the 
most studied, transitions. This transition involves several conceptual issues; when considered 
together, the issues constitute the Osteological Paradox (Wood et al., 1992). These issues include 
demographic nonstationarity, selective mortality, and the hidden heterogeneity in risks. The 
concept of nonstationarity draws on the idea that population demographics are always changing 
whether through migration, fertility or mortality spikes, and/or population growth. Demographic 
nonstationarity is not likely a large source of bias for the Lake St. Agnes sample, due to its small 
size and the belief that the burials in each pit are from a relatively constricted time frame. 
Nonstationarity becomes more relevant when analyzing a large cemetery in use for decades or 
centuries. 
 Selective mortality is based on the fact that the individuals that make up a skeletal series 
do not represent any actual living population, only the individuals that died. To summarize Wood 
et al.’s (1992:344) example, a 20-year-old in a skeletal sample is not representative of what 20-
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year-olds would have looked like or experienced in the living population. Those same 20-year-
olds in the living population lived on to become the 60-year-old in the skeletal population. As a 
result, we are viewing an exaggeration of the pathologies experienced in a living population. 
Wood et al. (1992:350) write, “since we are viewing the end result of selective entry into the 
mortality sample, the frequency of pathological hard-tissue lesions… should be higher than their 
prevalence in a comparable age group in the living population.” The Lake St. Agnes assemblage 
presented here is not representative of the living population for each age group, but rather these 
individuals were selected for due to being weak and/or sick. 
 The individual susceptibility to death and disease is also unequal in the living 
populations. This is the basis for the concept of hidden heterogeneity of risks. Different 
individuals within each age group had varied underlying frailty, which could be the result of 
genetics, socioeconomic status, or temporal trends in populations (Wood et al., 1992). Although 
evidence for social hierarchy in Coles Creek culture is contested (Roe & Schilling, 2010), the 
fact that the burials were in a mound indicates the individuals were likely different in some way. 
As Listi (2010) writes, the heavily fragmented and occasionally charred nature of the bone at 
Lake St. Agnes may suggest special, ceremonial treatment of these individuals, who would not 
be representative of the living population. Yaussy and DeWitte (2019) identify a connection 
between high calculus rates and frailty in a London skeletal series. While calculus rates are one 
of the few significant differences between the early and late burial pits at Lake St. Agnes, it is 
difficult to understand what this difference could mean for these samples given their small size 
and the lack of other meaningful differences. 
In assessing the differences between the pathologies of the early and late pits at Lake St. 
Agnes, it is important to consider how the demographics of the populations and skeletal series 
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may have affected the results (Table 6.1). The early pit appears to include at least one infant, one 
child, an adolescent or young adult, and two older adults. The later pit, on the other hand, 
includes one child based on premolar eruption and unfused epiphyses, at least three adolescents 
based on third molar eruption, and at least four adults, one probable male, one probable female, 
and the others of indeterminate sex. Thus, the early pit may contain skeletally older individuals 
than those present in the late pit. Because many of the conditions scored in this study are 
considered age-progressive (caries, calculus, tooth macrowear, and periodontitis), the age 
difference probably accounts for the apparent prevalence or severity of disease in the early pit. 
The opposite effect may have occurred in the enamel hypoplasias (6.9% in the early burial pit 
and 10.1% in the late burial pit). It is possible that heavy tooth wear has worn away some 
evidence for enamel defects. Porotic lesions have a less defined age trajectory, although some 
proposed etiologies for porotic hyperostosis and cribra orbitalia (71.4% in the early burial pit and 
96.3% in the late burial pit) suggest these conditions are more likely to be manifested in 
childhood and may heal with age. 
Table 6.1. Summary of pathology prevalence for early and late pits and Fisher’s Exact p-value; * 
denotes statistical significance. 
 
 
The possibility for population demographics and the concepts covered by the 
Osteological Paradox to create biases in the Lake St. Agnes skeletal assemblage in the Living—
Dead transition is clear. The most obvious biasing factor for the Dead—Buried transition is 
which members of the population were buried in the mound as opposed to settlements outside of 
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the ceremonial center. According to Toth (1979:25, 32), all the burials excavated from the 
mound were secondary. These secondary burials are possibly the result of emptying charnel 
houses, a practice that has been suggested for the Coles Creek culture (Roe & Schilling, 
2010:165). As I will discuss below, while the individuals in each pit may have been buried 
together, they may not have died at the same time. This introduces the possibility for variation in 
the skeletal series on the basis of seasonality. 
The Buried—Preserved transition is primarily at the mercy of the taphonomic process. 
The acidic alluvial soil present throughout much of Louisiana often results in the poor 
preservation of archaeological skeletal remains. The Lake St. Agnes site is no exception; while 
cultural fragmentation akin to the Morton Shell Mound and Tchefuncte site skeletal assemblages 
is a possibility, it is clear that much of the fragmentation at the site is a result of the acidic, 
clayey soil. At the Tchefuncte site, fracturing typically occurred at the midshaft of long bones for 
bundle burials (Lewis, 1991:55). The fragmentation at the Lake St. Agnes site exhibits no such 
pattern. This study attempted to mitigate the biases introduced through the taphonomic process 
through an analysis focused on dental traits; teeth being the hardest substance in the body and 
therefore, preserving better than other elements. Also, the method for estimating a minimum 
number of individuals at the site was designed for heavily fragmented remains, with an emphasis 
on elements that are more frequently recovered from archaeological sites (Herrmann et al., 
2014). 
Toth’s (1979) decisions for where and how to investigate the Lake St. Agnes Mound site 
had repercussions for the skeletal sample that is available for study today in the Preserved—
Found transition. These burials were identified and removed from the southwest corner of the 
mound (see Figure 2.2), and from the beginning of a trench cross section from the mound’s apex. 
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This was cut short after encountering the burials of Feature #8 at the top of the mound. Had the 
northwest or southeast corner been removed, or a 1x1 m test unit been dug instead, these remains 
would not have been found and possibly others would have been excavated instead. 
Finally, since I have no reason to believe that any exposed remains were not collected 
during the 1972 excavation, it is unlikely that there are any confounding biases introduced in the 
Found—Saved transition. Although what is left is a small, commingled, fragmentary, and biased 
sample of a once-living population, there are still some things we can learn from these 
individuals. 
 
6.2. Assessing patterns of variability and consistency 
The combination of dental macrowear and microwear provide an interesting account of 
diet at the Lake St. Agnes Mound site. The early burial pit sample, though small in size, exhibits 
an overall greater degree of macrowear than the later pit. When the wear is separated by anterior 
and posterior teeth, the difference becomes more informative. The anterior tooth wear for the 
early and late burial pits are not significantly different from each other and in general are 
relatively light. However, the severity of wear on premolars, and on first and second molars was 
significantly greater in the early burial sample than in the late. This does not necessarily support 
a hypothesis for a change in diet, as the observed difference could be a result of the average age 
of each sample. 
The patterning of macrowear, which is relatively consistent over time in this assemblage, 
provides some insight into the subsistence system of both samples. Larsen (2015:284) writes that 
hunting and gathering groups tend to have heavier wear throughout the dentition, while 
agriculturalists often have comparatively lighter wear in the anterior teeth and heavy wear 
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posteriorly. The patterning of difference between the burial samples highlights an uneven 
distribution of wear in the dental arcade. Both the early and the later burial pits exhibit a similar, 
light degree of macrowear on the anterior teeth (Table 6.2). In the posterior dentition there is 
significantly more macrowear in the early burial pit than the late. The non-significant difference 
in first molars suggests that this pattern of greater posterior tooth wear seen in the early pit may 
be developing in the later pit. Since the first molar is the first permanent tooth to erupt, this 
difference between the samples may be due exclusively to age. Further, there is evidence for 
cupped wear and higher angles of occlusal wear in both the early and the late burial samples, 
though flat-plane wear was present in each as well. This trait is also often considered to be more 
common among agricultural groups (Smith, 1984), and suggests the possibility for a degree of 
softer foods consumed by some individuals. 
Table 6.2. Summary of macrowear for meaningful tooth types; I = incisor, C = canine, P = 
premolar, M = molar; * denotes statistical significance. 
 
 The microwear results appear to be in agreement with the macrowear data regarding the 
consistency of subsistence through time. No statistically significant difference was found for any 
of the microwear metrics recorded. Every tooth assessed for microwear features exhibited a 
mixture of fine and coarse scratches, although one tooth from the early pit had primarily coarse 
wear. Further, the degree of anisotropy was variable in both burial samples. Schmidt et al. (2019) 
describe the tendency for foraging groups to exhibit more coarse textures and less anisotropy 
than agriculturalists whose diet often includes softer foods requiring less strenuous masticatory 
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behavior. While there were a few teeth (n=3) that demonstrated some slight anisotropy in the 
overall direction of microscopic features and one individual that was highly anisotropic, others 
exhibited no anisotropy at all. While it is not possible to identify the exact age of each individual 
included in the microwear study due to the nature of the sample, all of the individuals are at least 
adolescents or young adults due to the presence of associated third molars or interproximal facets 
for third molars. Further, it is unlikely that the study includes old adults due to the lack of strong 
evidence for advanced age in the skeletal assemblage and the preference towards lighter 
macrowear in the selection of the study sample. Therefore, age is unlikely to be a determining 
factor in anisotropy. 
As the results demonstrate apparent consistency in subsistence practice between the 
Coles Creek and Plaquemine period occupations at the Lake St. Agnes Mound site, the question 
becomes whether the data support an agricultural subsistence base for the Coles Creek period, 
something that has long been suggested but not widely supported. Alternatively, the Lake St. 
Agnes community may have resisted a shift to reliance on agriculture in favor of more traditional 
subsistence practices. While there is consistency in skeletal indicators for diet over time, there is 
variation in macro- and microwear within each burial component. One explanation for this 
variability is that diet changed seasonally. Dental microwear provides a record of the individual’s 
last few days alive (this is known as the “Last Supper” phenomenon [Larsen, 2015:294]), and 
because the burials are secondary, possibly from charnel houses, a relatively wide temporal 
range could be represented in each burial sample. This range could include differences in season, 
and therefore of diet. 
There is some evidence for horticulture among Coles Creek societies in the northern 
range of the culture’s distribution, and even earlier evidence for the exploitation of wild, 
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carbohydrate-rich plant species such as maygrass, goosefoot, knotweed, and little barley (Kidder 
et al., 2010; Lee, 2010). While the harvesting season for maygrass is in the spring and early 
summer months, and for goosefoot, in the late summer or fall (Kidder et al., 2010), the seeds 
from these crops would likely have been ground into flour that can keep across seasons. 
However, a scenario in which a mixture of soft-textured foods resembling those consumed in 
agricultural groups and hard-textured foods that could produce wear patterns characteristic of a 
foraging subsistence fits the data well. Such a variation in diet based on season could account for 
the appearance of mixed fine and coarse microscopic scratches on teeth and differences in the 
directionality of mastication. 
Seasonal variability in diet cannot easily explain the differences seen in dental macrowear 
patterns, however. As macrowear is the accumulation of wear throughout an individual’s life, 
enamel does not grow back like other skeletal elements, it represents a lifetime of masticatory 
activity. For the appearance of a combination of cupped and angled occlusal wear, as well as flat-
plane wear in both the early (22.2% of molars with cupping) and late pit (8.8% of molars with 
cupping), there must be some variation in diet between individuals. Given the degree of 
fragmentation and commingling at the site, it is difficult to interpret what this difference might 
have been, whether it relates to social status, age, sex, or other invisible social distinction. 
Another hypothesis relates to the model of Lake St. Agnes as an aggregation center. The 
mound was likely used as a ceremonial center for communities in the surrounding area. It is 
possible that the observed variation in macro- and microwear within the burial samples could be 
due to individuals from different areas. 
The pathological data in the Lake St. Agnes Mound skeletal assemblage do not produce a 
clear relationship to any one subsistence strategy. The presence of high rates of caries and 
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periodontal disease in agricultural populations elsewhere has been well documented (Larsen, 
2015; Larsen et al., 2007). Multiple authors have also suggested the possibilities for the native 
crop species to present similar degrees of pathology than is seen in agriculturalists due to high 
carbohydrate content (Danforth et al., 2007; Listi, 2010, 2011). Other pathologies, including 
porotic cranial lesions and linear enamel hypoplasias tend to represent episodes of general stress, 
and may have a multitude of etiologies, including infection as well as malnutrition. However, the 
Lake St. Agnes Mound sample exhibits relatively low rates of caries and linear enamel 
hypoplasias (~10%) for both burial components, but dental calculus, periodontal disease, and 
porotic cranial lesions are rather prevalent. 
The prevalence of porotic cranial lesions (71.4% in the early burial pit and 96.3 in the late 
burial pit), as well as the difference in dental calculus (65.5% in the early burial pit and  27.9% in 
the late burial pit; p < .001) between the early and late pit are difficult to account for with a 
model of seasonal variability and horticultural exploitation of native starchy crops. It is possible 
that the extensive rates of cranial porosities observed in these samples could be the result of 
general malnutrition or other endemic problems. Though, with these etiologies, linear enamel 
hypoplasias might be expected to be more prevalent in the samples. The population growth and 
intermittent aggregation in ceremonial centers that occurred throughout the year during the Coles 
Creek period would have increased the risk of communicable diseases and parasites that might 
have produced greater incidence of porotic hyperostosis and cribra orbitalia. At least one, and as 
many as three different individuals (Burials #2, #7, and #8), from the late burial pit exhibit 
evidence for healing of porotic cranial lesions, suggesting that, whatever the etiology, it was not 
insurmountable. Alternatively, the prevalence could just be the result of selective mortality and 
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the Osteological Paradox, masking the prevalence of certain conditions based on the fact that all 
burial samples are biased towards the unhealthy individuals. 
The bioarchaeological assessment of the Plaquemine skeletal assemblage at the 
Discovery Site (16LF66) by Miller et al. (2000) provides a meaningful comparison to the Lake 
St. Agnes sample. At the Discovery Site, there were low rates of caries and linear enamel 
hypoplasias, like at Lake St. Agnes, although the rates of porotic cranial lesions were far lower at 
the Discovery Site. Interestingly, the Discovery Site sample exhibited evidence for dietary 
differences between the sexes (Miller et al., 2000:466). Only females were affected by caries. 
They also found a high degree of sexual dimorphism in the transverse diameters of long bones, 
which they interpret as the unequal consumption of protein sources. Miller et al. (2000) conclude 
that the sample likely had a subsistence strategy characterized by hunting and gathering with the 
supplement of maize, and that males might have had greater access to meat protein which 
produced the differences between sexes. While the Discovery Site assemblage is also heavily 
fragmented, the burials are more discrete rather than commingled like Lake St. Agnes. So, while 
Miller et al., (2000) were able to determine sex for enough individuals to make meaningful 
interpretations, the commingled nature of the Lake St. Agnes assemblage makes the assessment 
of sex-based variation impossible. However, it is possible that the variation observed in the Lake 
St. Agnes assemblage is the result of sex. 
 
6.3. The community identity of Lake St. Agnes Mound 
Panakhyo and Jacobi (2016) call for a theoretical framework to interpret heavily 
fragmented and commingled remains as a community identity. This community identity emerges 
through paleodemographic and pathological data and can provide insight into lived experiences, 
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health patterns, subsistence practices, and social interactions (Panakhyo & Jacobi, 2016:77). The 
community identity of the Lake St. Agnes Mound site is one characterized by the exploitation of 
various food sources and the maintenance of traditional subsistence and mortuary practices. 
During the late Baytown period or early Coles Creek period, Native Americans around Lake St. 
Agnes would have been efficiently exploiting the plentiful natural resources through fishing, the 
hunting of deer, smaller mammals, and birds, and gathering wild plant foods like earlier cultures 
in the LMRV had done (Lee, 2010). 
During the Coles Creek period, dispersed and egalitarian communities occasionally 
aggregated around ceremonial mound centers at certain times of the year for religious, feasting, 
and mortuary rites (Saunders & Weinstein, 2020). The construction of the mound at Lake St. 
Agnes sometime around 780-880 CE, and the presence of an associated plaza complex (Rodning 
et al., 2013) suggest this site represents this type of ceremonial center. Also present at this time 
was the acquisition of cultivation techniques and the human interference in plant life cycles, 
defined by small-scale horticulture (Roe & Schilling, 2010). There was apparently variable 
access to, or preference for, certain food items that resulted in different patterns of tooth wear at 
Lake St. Agnes. In the non-winter months, garden crops may have supplemented the diets of 
some individuals. 
By around 1400 CE, Lake St. Agnes was occupied by members of the Plaquemine 
archaeological culture, evidenced by the range of artifact styles present at the site. Wild 
resources including fish, deer, and a variety of plants would still have been plentiful to exploit. 
But, like the Coles Creek, these people exhibited a degree of variability in their diet. The 
consumption of cultivated native crop plants likely occurred, creating overall lighter tooth wear 
in the anterior teeth compared to the posterior teeth, but not everyone exhibits the cupped and 
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high-angled occlusal wear characteristic of soft, prepared foods (Smith, 1984). Others may have 
had to rely to a greater degree on hard-textured plant foods that create flatter wear patterns. 
Until more concrete tests can be performed to determine a more exact diet, such as the 
biogeochemical methods of stable isotope analysis, or the assessment of phytolith inclusions in 
dental calculus, a hypothesis for the variable consumption of garden crops in addition to reliance 
on foraged plants and animals seems likely. Further, there is little evidence to support a change 
in diet and subsistence strategy over time, supporting Rees’ (2010b:186) suggestion that the 
Plaquemine culture was not characterized by the “inexorable” adoption of maize agriculture, and 
that Lake St. Agnes represents the retention of more traditional methods of subsistence. 
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7. CONCLUSIONS 
The purpose of this study was to: 1) to create a more complete inventory for the 
excavated skeletal remains using a new method for assessing fragmented and commingled 
remains; 2) to produce a more accurate date for the burials at each level, and; 3) to explore 
evidence for a change in diet between the two burial components. While the MNI method 
presented here may indeed produce a more accurate inventory for the excavated skeletal remains, 
it is likely that this is still an underestimate of the actual number of individuals interred in the 
burial pits. The landmark-based MNI estimation method produced a minimum number of five 
individuals in the early burial pit, which is consistent with Toth’s (1979) observations, and eight 
individuals in the late burial pit. While Toth (1979) reports portions of at least ten skulls being 
excavated from the burial pit at the mound’s apex, it is possible that they were too fragmentary to 
be captured in this analysis. 
The new AMS radiocarbon dates produce a more accurate age of occupation at Lake St. 
Agnes. The cane matting burned over Feature #5 is the sample most directly associated with any 
of the burials; it dates the Coles Creek period burial pit to between 780 – 880 CE. The faunal 
bones from the late burial pit represents a TPQ due to their inclusion in the midden fill 
surrounding the burials. The Plaquemine subperiod burial pit was emplaced sometime after 1400 
CE. 
Finally, evidence for a change in diet was explored between the two samples through an 
assessment of various pathologies and dental macro- and microwear. While there were not 
significant differences between the two samples that would suggest substantial dietary change, 
the variability within each sample, and its consistency over time points to multiple different 
resources being exploited by different members of the population. One of the strongest results is 
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that, even at 1400 CE, it is unlikely that maize was a prominent part of the diet. Generally, these 
results are in agreement with other Plaquemine subperiod skeletal assemblages in southern 
Louisiana such as the Discovery Site. There, Miller et al. (2000:466) suggest a mixed subsistence 
economy of hunting and gathering supplemented by maize. The Lake St. Agnes Mound site is a 
good candidate for further archaeological investigation, as there are many questions that remain 
unanswered (Rodning et al., 2013). 
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APPENDIX A. DESCRIPTION OF LANDMARKS 
Element 
Landmark 
Abbreviation 
Landmark 
Name 
Landmark 
Description 
Additional 
Notes 
Calcaneus CALDTF 
Distal Talar 
Facet 
The most distal 
point of the superior 
talar facet 
Anterior end of 
the anterior 
talar facet 
Calcaneus CALICF 
Inferior 
Cuboidal Facet 
Most inferior point 
on the border of the 
cuboidal facet 
 
Calcaneus CALLAP Lateral Process 
The most inferior 
point of the lateral 
process 
 
Calcaneus CALLCF 
Lateral 
Cuboidal Facet 
The point at the 
most lateral 
extension on the 
border of the 
cuboidal facet 
 
Calcaneus CALMAA 
Medial 
Attachment of 
the Achilles 
Tendon 
The midline of the 
Achilles Tendon 
attachment 
The most 
medial point of 
the calcaneal 
tuberosity 
Calcaneus CALMEP Medial Process 
The most inferior 
point of the medial 
process 
 
Calcaneus CALMST 
Medial 
Sustentaculum 
Tali 
Most medial point 
of the 
sustentaculum tali 
 
Calcaneus CALPTF 
Proximal Talar 
Facet 
The most proximal 
point of the superior 
talar facet 
Posterior end 
of the posterior 
talar facet 
Calcaneus CALSCF 
Superior Medial 
Notch of the 
Cuboidal Facet 
The point of 
greatest inflection 
on the superior 
medial cuboidal 
facet 
 
Clavicle CLAAAE 
Anterior Margin 
of Acromial 
End 
Most anterior aspect 
of the margin of the 
acromial end 
On the articular 
surface 
Clavicle CLACTB 
Conoid 
Tubercle 
Conoid tubercle of 
the clavicle 
 
Clavicle CLAIMS 
Inferior Margin 
of Sternal End 
Most inferior point 
of medial end 
On the articular 
surface 
(table cont’d) 
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Element 
Landmark 
Abbreviation 
Landmark 
Name 
Landmark 
Description 
Additional 
Notes 
Clavicle CLALCT 
Lateral Costal 
Tuberosity 
Most lateral aspect 
of the attachment 
site of the 
costoclavicular 
ligament 
 
Clavicle CLALDL 
Lateral Deltoid 
Line 
Most lateral aspect 
of the attachment 
for the deltoid 
muscle 
 
Clavicle CLALSS 
Lateral 
Subclavian 
Sulcus 
Most lateral aspect 
of the subclavian 
sulcus 
 
Clavicle CLALTL 
Lateral 
Trapezoid Line 
Most lateral aspect 
of the trapezoid line 
 
Clavicle CLAMCT 
Medial Costal 
Tuberosity 
Most medial aspect 
of the attachment 
site of the 
costoclavicular 
ligament 
 
Clavicle CLAMDL 
Medial Deltoid 
Line 
Most medial aspect 
of the attachment of 
the deltoid muscle 
 
Clavicle CLAMSS 
Medial 
Subclavian 
Sulcus 
Most medial aspect 
of the subclavian 
sulcus 
 
Clavicle CLAMTL 
Medial 
Trapezoid Line 
Most medial aspect 
of the trapezoid line 
 
Clavicle CLAPAE 
Posterior 
Margin of the 
Acromial End 
Most posterior 
aspect of the margin 
of the acromial end 
On the articular 
surface 
Clavicle CLASAS 
Superior 
Anterior Margin 
of the Sternal 
End 
Most superior 
anterior aspect of 
the sternal end 
On the articular 
surface 
Clavicle CLASPS 
Superior 
Posterior 
Margin of the 
Sternal End 
Most superior 
posterior aspect of 
the sternal end 
On the articular 
surface 
Femur FEMAJN 
Anterior Medial 
Joint Notch 
One the medial 
margin of the 
medial condyle, 
inferior to the 
patellar surface 
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Element 
Landmark 
Abbreviation 
Landmark 
Name 
Landmark 
Description 
Additional 
Notes 
Femur FEMATB 
Adductor 
Tubercle 
Most posterior point 
of the adductor 
tubercle 
 
Femur FEMFAP 
Fovea Capitis 
Anterior Point 
Anterior point of 
fovea capitis 
 
Femur FEMFCP 
Fovea Capitis 
Center Point 
Center point of 
fovea capitis 
 
Femur FEMFPP 
Fovea Capitis 
Posterior Point 
Posterior point of 
fovea capitis 
 
Femur FEMGTB 
Gluteal 
Tuberosity 
Point on the gluteal 
tuberosity parallel 
with the pectineal 
line 
 
Femur FEMGTP 
Greater 
Trochanter 
Posterior 
Most superior-
posterior point, 
superior to the 
trochanteric fossa 
 
Femur FEMGTS 
Greater 
Trochanter 
Superior 
The most superior 
point in the midline 
of the greater 
trochanter 
 
Femur FEMIGT 
Inferior Gluteal 
Tuberosity 
Most inferior point 
where it intersects 
with the linea aspera 
 
Femur FEMIIL 
Intercondylar 
Notch-
Inferior/Lateral 
Most anterior-lateral 
point on the border 
of the notch and the 
patellar surface 
 
Femur FEMIIM 
Intercondylar 
Notch- 
Inferior/Medial 
Most anterior-lateral 
point on the border 
of the notch and the 
patellar surface 
 
Femur FEMILA 
Inferior Linea 
Aspera 
The point at which 
the linea aspera 
splits into the 
supracondylar lines 
 
Femur FEMIMT 
Inferior-
Anterior Margin 
of the Greater 
Trochanter 
Inferior margin of 
the gluteus minimus 
attachment 
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Element 
Landmark 
Abbreviation 
Landmark 
Name 
Landmark 
Description 
Additional 
Notes 
Femur FEMINP 
Intercondylar 
Notch-Posterior 
The most convex 
point in the center 
of the notch and the 
popliteal surface 
 
Femur FEMIPF 
Inferior-
Posterior 
Femoral Head 
Margin 
Slight inferior-
lateral subchondral 
expansion of the 
posterior femoral 
head; superior to the 
lesser trochanter 
 
Femur FEMIPG 
Inferior 
Popliteal 
Groove 
Most inferior-
anterior point of the 
groove 
 
Femur FEMIPL 
Intercondylar 
Notch- 
Posterior/ 
Lateral 
The most convex 
point on the lateral 
border of the notch 
and the popliteal 
surface 
The meeting 
point of the 
popliteal 
surface, 
intercondylar 
fossa, and 
lateral condyle 
Femur FEMIPM 
Intercondylar 
Notch- 
Posterior/ 
Medial 
The most convex 
point on the medial 
border of the notch 
and the popliteal 
surface 
The meeting 
point of the 
popliteal 
surface, 
intercondylar 
fossa, and 
medial condyle 
Femur FEMITL 
Inferior-Medial 
Intertrochanteric 
Line 
Most medial point 
of the 
intertrochanteric 
line 
 
Femur FEMLAN 
Linea Aspera at 
Nutrient 
Foramen 
At midshaft  
Femur FEMLAS 
Linea Aspera at 
the Spiral Line 
Where the spiral 
line intersects at the 
linea aspera 
 
Femur FEMLEC 
Lateral 
Epicondyle 
Most lateral point  
Femur FEMLPS 
Lateral Patellar 
Surface 
Most superior point 
on the lateral border 
of the patellar 
surface 
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Element 
Landmark 
Abbreviation 
Landmark 
Name 
Landmark 
Description 
Additional 
Notes 
Femur FEMLTC 
Lesser 
Trochanter 
Most posterior point 
on the trochanter 
 
Femur FEMMEC 
Medial 
Epicondyle 
Most medial point  
Femur FEMMLS 
Midline Patellar 
Surface 
Point at the midline 
of the border of the 
patellar surface 
 
Femur FEMMPF 
Anterior Margin 
of Poirier’s 
Facet 
The most anterior 
margin of Poirier’s 
facet 
Anterior-lateral 
margin of the 
femoral head 
Femur FEMMPS 
Medial Patellar 
Surface 
Most superior point 
on the medial 
border of the 
patellar surface 
 
Femur FEMPPG 
Posterior 
Popliteal 
Groove 
Most posterior-
superior border of 
the popliteal groove 
 
Femur FEMSGT 
Superior Gluteal 
Tuberosity 
Most superior point  
Femur FEMSMT 
Superior-
Anterior Margin 
of the Greater 
Trochanter 
Intersection of the 
intertrochanteric 
line and the greater 
trochanter 
 
Femur FEMTCF 
Trochanteric 
Fossa 
Deepest point of the 
fossa 
 
Femur FEMTVE 
Terminal 
(Distal) End of 
the Vastus 
Externus 
(Lateralis) 
At the attachment of 
the biceps femoris 
(short head) 
Distal end of 
the lateral 
supracondylar 
line 
Fibula FIBAFA 
Anterior Fibular 
Articular 
Surface 
Most anterior point 
of the fibular 
articular surface 
 
Fibula FIBDLM 
Distal Lateral 
Malleolus 
The most inferior 
point of the lateral 
malleolus 
 
Fibula FIBIEL 
Inferior 
External Lateral 
Ligament 
The inferior point of 
the external lateral 
ligament 
Lateral side of 
the fibular 
head, just 
anterior to the 
styloid process 
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Element 
Landmark 
Abbreviation 
Landmark 
Name 
Landmark 
Description 
Additional 
Notes 
Fibula FIBIFL 
Inferior 
Posterior 
Terminus of the 
Perinous Brevis 
Hallucis 
Inferior posterior 
terminus of the 
perinous brevis 
hallucis 
The point at 
which the 
anterior border 
curves 
posteriorally in 
the distal 1/3rd 
of the lateral 
shaft 
Fibula FIBIMA 
Inferior 
Malleolar 
Articular 
Surface 
The most inferior 
point of the 
malleolar articular 
surface 
 
Fibula FIBLIS 
Lateral Inferior 
Margin of the 
Soleous 
Attachment 
Lateral inferior 
margin of the 
soleous attachment 
On the 
posterior side 
of the fibular 
head, just 
posterior and 
inferior to the 
styloid process 
Fibula FIBMIF 
Superior Medial 
Insertion of the 
Flexor Longus 
Superior medial 
insertion of the 
flexor longus 
Superior to the 
nutrient 
foramen along 
the 
interosseous 
crest 
Fibula FIBMLF Malleolar Fossa 
The point of 
greatest inflection in 
the malleolar fossa 
 
Fibula FIBNTF 
Nutrient 
Foramen 
At the nutrient 
foramen (there may 
be more than one) 
 
Fibula FIBPSP 
Proximal 
Styloid Process 
The most proximal 
point of the styloid 
process 
 
Fibula FIBSAM 
Superior 
Anterior 
Malleolar 
Articular 
Surface 
The most superior 
anterior point of the 
malleolar articular 
surface 
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Element 
Landmark 
Abbreviation 
Landmark 
Name 
Landmark 
Description 
Additional 
Notes 
Fibula FIBSEL 
Superior 
External Lateral 
Ligament 
The superior point 
of the external 
lateral ligament 
On the lateral 
side of the 
fibular head 
just anterior to 
the styloid 
process 
Fibula FIBSPM 
Superior 
Posterior 
Malleolar 
Articular 
Surface 
The most superior 
posterior point of 
the malleolar 
articular surface 
 
Frontal FROBRE Bregma 
The medial 
intersection of the 
frontal and parietal 
bones 
 
Frontal FRODYL Dacryon Left 
The intersection of 
the left maxilla, 
lacrimal, and frontal 
bones 
 
Frontal FRODYR Dacryon Right 
The intersection of 
the right maxilla, 
lacrimal, and frontal 
bones 
 
Frontal FROFAL 
Frontomalare 
Temporale 
Anterior Left 
The anterior point 
of the left 
frontomalar suture 
 
Frontal FROFAR 
Frontomalare 
Temporale 
The anterior point 
of the right 
frontomalar suture 
 
Frontal FROFCI 
Frontal Crest 
Inferior 
The most inferior 
point of the frontal 
crest 
 
Frontal FROFCS 
Frontal Crest 
Superior 
The most superior 
point of the frontal 
crest 
 
Frontal FROFML 
Fronto-
Maxillary Left 
The intersection of 
the left nasal, 
maxillary, and 
frontal bones 
 
Frontal FROFMR 
Fronto-
Maxillary Right 
The intersection of 
the right nasal, 
maxillary, and 
frontal bones 
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Element 
Landmark 
Abbreviation 
Landmark 
Name 
Landmark 
Description 
Additional 
Notes 
Frontal FROFOC Foramen Cecum 
The foramen at the 
base of the frontal 
crest 
 
Frontal FROFOL 
Frontotemporale 
Left 
The point of the left 
superior temporal 
line at the greatest 
inflection 
 
Frontal FROFOR 
Frontotemporale 
Right 
The point of the 
right superior 
temporal line at the 
greatest inflection 
 
Frontal FROFTL 
Frontomalare 
Temporale Left 
The lateral point of 
the left frontomalar 
suture 
 
Frontal FROFTR 
Frontomalare 
Temporale 
Right 
The lateral point of 
the right 
frontomalar suture 
 
Frontal FROGLA Glabella 
The most forward 
projecting point 
above the nasal root 
 
Frontal FRONAS Nasion 
The midline of the 
frontonasal suture 
 
Frontal FROSNL 
Supraorbital 
Notch Left 
The left supraorbital 
notch or foramen 
 
Frontal FROSNR 
Supraorbital 
Notch Right 
The right 
supraorbital notch 
or foramen 
 
Frontal FROTCL 
Temporal Line 
at the Coronal 
Suture Left 
Where the left 
temporal line 
intersects the 
coronal suture 
 
Frontal FROTCR 
Temporal Line 
at the Coronal 
Suture Right 
Where the right 
temporal line 
intersects the 
coronal suture 
 
Humerus HUMCFC 
Coronoid Fossa 
Center Point 
The most center 
point of the 
coronoid fossa 
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Element 
Landmark 
Abbreviation 
Landmark 
Name 
Landmark 
Description 
Additional 
Notes 
Humerus HUMFGT 
Inferior-
Posterior 
Margin of the 
Greater 
Tuberosity 
The most inferior-
posterior margin of 
the greater 
tuberosity; the 
attachment site for 
the teres minor 
 
Humerus HUMIDT 
Inferior-Lateral 
Deltoid 
Tuberosity 
The most inferior-
lateral point of the 
deltoid tuberosity 
 
Humerus HUMILT 
Inferior Lesser 
Tuberosity 
The most inferior-
medial point of the 
lesser tuberosity 
 
Humerus HUMIME 
Inferior Medial 
Epicondyle 
The point at the 
greatest inflection 
where the medial 
epicondyle meets 
the trochlear surface 
 
Humerus HUMIMH 
Inferior Margin 
of Head 
The most inferior 
point of the head of 
the humerus 
 
Humerus HUMIPM 
Inferior 
Pectoralis Major 
Most inferior point 
of the pectoralis 
major attachment 
 
Humerus HUMITM 
Inferior Teres 
Major 
Most inferior point 
of the teres major 
attachment 
 
Humerus HUMLEC 
Lateral 
Epicondyle 
Most lateral point of 
the lateral 
epicondyle 
 
Humerus HUMMEC 
Medial 
Epicondyle 
Most medial point 
of the medial 
epicondyle 
 
Humerus HUMNFM 
Nutrient 
Foramen at 
Midshaft 
The nutrient 
foramen nearest to 
the midshaft 
 
Humerus HUMPCT 
Posterior-
Inferior Divide 
of the 
Capitulum and 
Trochlea 
At the posterior 
border of the 
subchondral bone 
where the capitulum 
and trochlea are 
divided 
 
Humerus HUMRAF Radial Fossa 
The center point of 
the radial fossa 
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Element 
Landmark 
Abbreviation 
Landmark 
Name 
Landmark 
Description 
Additional 
Notes 
Humerus HUMSAT 
Superior-
Anterior-Medial 
Subchondral-
Bone Margin of 
the Trochlea 
The most medial 
point of the trochlea 
where the 
subchondral and 
cortical bone meet 
 
Humerus HUMSDT 
Superior-
Posterior 
Deltoid 
Tuberosity 
The most superior-
posterior point of 
the deltoid 
tuberosity 
 
Humerus HUMSGT 
Superior 
Greater 
Tuberosity 
The most superior 
point of the crest of 
the greater 
tuberosity 
 
Humerus HUMSLC 
Superior-
Anterior-Lateral 
Subchondral-
Bone Margin of 
the Capitulum 
The most lateral 
point of the 
capitulum where the 
subchondral and 
cortical bone meet 
 
Humerus HUMSLT 
Superior Lesser 
Tuberosity 
The most superior 
point of the crest of 
the lesser tuberosity 
 
Humerus HUMSMH 
Superior Margin 
of the Head 
The most superior 
point of the head of 
the humerus 
 
Humerus HUMSMT 
Superior-
Posterior-
Medial Trochlea 
The most medial-
superior point of the 
posterior trochlea 
 
Humerus HUMSOF 
Superior 
Olecranon 
Fossa 
The point of 
greatest inflection at 
the superior border 
of the olecranon 
fossa 
 
Humerus HUMSPL 
Superior-
Posterior-
Lateral Trochlea 
The most lateral-
superior point of the 
posterior trochlea 
 
Humerus HUMSPT 
Superior-
Posterior 
Trochlea 
The midline point of 
the posterior 
trochlea 
 
Humerus HUMSSR 
Superior Lateral 
Supracondylar 
Ridge 
The most superior 
point of the lateral 
supracondylar ridge 
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Element 
Landmark 
Abbreviation 
Landmark 
Name 
Landmark 
Description 
Additional 
Notes 
Humerus HUMSTC 
Superior-
Anterior 
Trochlea-
Capitulum 
Divide 
The superior-
anterior division of 
the trochlea and 
capitulum 
 
Os Coxa OSCAAS 
Anterior Apex 
Auricular 
Surface 
The most anterior 
point of the 
auricular surface at 
the intersection with 
the ilium 
 
Os Coxa OSCACF 
Acetabular 
Fossa 
Point of greatest 
inflection on the 
border of the lunate 
surface within the 
acetabular fossa 
 
Os Coxa OSCAIA 
Anterior 
Inferior 
Acetabulum 
Most inferior 
anterior point at the 
edge of lunate 
surface 
 
Os Coxa OSCAII 
Anterior 
Inferior Iliac 
Spine 
Most anterior 
inferior point of the 
iliac spine 
 
Os Coxa OSCAOF 
Anterior Pubic 
Angle of the 
Obturator 
Foramen 
The greatest 
inflection of the 
anterior angle of the 
obturator foramen 
 
Os Coxa OSCASI 
Anterior 
Superior Iliac 
Spine 
Most anterior point 
of the anterior 
superior spine 
 
Os Coxa OSCASN 
Auricular 
Surface Internal 
Notch 
Auricular surface 
internal notch 
 
Os Coxa OSCATP 
Anterior 
Tubercle of the 
Pubis 
Most anterior point 
of the anterior 
tubercle on the 
pubis 
 
Os Coxa OSCGSN 
Greater Sciatic 
Notch 
The point of 
greatest inflection at 
the greater sciatic 
notch 
 
Os Coxa OSCILT Iliac Tubercle 
The most anterior 
lateral point of the 
iliac tubercle 
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Element 
Landmark 
Abbreviation 
Landmark 
Name 
Landmark 
Description 
Additional 
Notes 
Os Coxa OSCIOF 
Ischial Angle of 
the Obturator 
Foramen 
The greatest 
inflection of the 
posterior inferior 
angle of the 
obturator foramen 
 
Os Coxa OSCIPA 
Inferior 
Anterior Point 
of the Ischial 
Tuberosity 
Inferior anterior 
point of the ischial 
tuberosity 
 
Os Coxa OSCIPS 
Inferior Pubic 
Symphysis 
The most inferior 
point of the pubic 
symphysis 
 
Os Coxa OSCISC Ischial Spine 
The most medial 
posterior point of 
the ischial spine 
 
Os Coxa OSCPAG 
Posterior Point 
of the Anterior 
Gluteal Line 
The most posterior 
point of the anterior 
gluteal line 
 
Os Coxa OSCPIA 
Posterior 
Inferior 
Acetabulum 
Most inferior 
posterior point at 
the edge of the 
lunate surface 
 
Os Coxa OSCPII 
Posterior 
Inferior Iliac 
Spine 
The most posterior 
inferior extension of 
the iliac spine 
 
Os Coxa OSCPPS 
Posterior Pubis 
Symphysis 
The most posterior 
point of the pubic 
symphysis 
 
Os Coxa OSCPSA 
Posterior 
Superior 
Boundary of the 
Auricular 
Surface 
Posterior superior 
boundary of the 
auricular surface 
 
Os Coxa OSCPSI 
Posterior 
Superior Iliac 
Spine 
The most posterior 
point of the iliac 
crest 
 
Os Coxa OSCQLM 
Quadratus 
Lumborum 
Muscle 
Insertion 
The most anterior 
point of the muscle 
insertion on the iliac 
crest 
Posterior to the 
iliac tubercle 
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Os Coxa OSCRIS 
Inferior Root of 
the Inferior 
Anterior Iliac 
Spine 
Inferior root of the 
inferior anterior 
iliac spine, directly 
superior to the 
acetabulum 
 
Os Coxa OSCSLC 
Superior Lateral 
Corner of 
Ischial 
Tuberosity 
Most superior 
lateral corner of 
ischial tuberosity 
 
Os Coxa OSCSMC 
Superior Medial 
Corner of 
Ischial 
Tuberosity 
Most superior 
medial corner of 
ischial tuberosity 
 
Os Coxa OSCSPA 
Posterior 
Superior Apex 
of Ischial 
Tuberosity 
Most posterior 
superior apex of 
ischial tuberosity 
 
Os Coxa OSCSPS 
Superior Pubic 
Symphysis 
The most superior 
point of the pubic 
symphysis 
 
Os Coxa OSCSRA 
Superior 
Posterior Point 
of the Retro-
Auricular Area 
The most superior 
point of the 
posterior border of 
the retro-auricular 
area 
 
Mandible MANAOL 
Anterior 
Oblique Line 
Left 
The most anterior 
point of the left 
oblique line 
 
Mandible MANAOR 
Anterior 
Oblique Line 
Right 
The most anterior 
point of the right 
oblique line 
 
Mandible MANCAL 
Canine Alveolar 
Process Left 
Superior point of 
the left canine 
alveolar process 
 
Mandible MANCAR 
Canine Alveolar 
Process Right 
Superior point of 
the right canine 
alveolar process 
 
Mandible MANCPL 
Coronoid 
Process Left 
The most superior 
point of the left 
coronoid process 
 
Mandible MANCPR 
Coronoid 
Process Right 
The most superior 
point of the right 
coronoid process 
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Mandible MANFML 
First Molar 
Point Left 
The most lateral 
point of the left first 
molar alveolar 
process 
 
Mandible MANFMR 
First Molar 
Point Right 
The most lateral 
point of the right 
first molar alveolar 
process 
 
Mandible MANGAN Ganthion 
The lowest point of 
the midline of the 
mandibular body 
 
Mandible MANGOL Gonion Left 
The most inferior 
and lateral point of 
the left intersection 
of the body and the 
ramus 
 
Mandible MANGOR Gonion Right 
The most inferior 
and lateral point of 
the right 
intersection of the 
body and the ramus 
 
Mandible MANIND Infradentale 
The point between 
the lower two 
central incisors 
 
Mandible MANLCL 
Lateral Condyle 
Left 
The most lateral 
point of the surface 
of the left condyle 
 
Mandible MANLCR 
Lateral Condyle 
Right 
The most lateral 
point of the surface 
of the right condyle 
 
Mandible MANMDR 
Mandibular 
Foramen Right 
The right 
mandibular foramen 
 
Mandible MANMCL 
Medial Condyle 
Left 
The most medial 
point of the surface 
of the left condyle 
 
Mandible MANMCR 
Medial Condyle 
Right 
The most medial 
point of the surface 
of the right condyle 
 
Mandible MANMDL 
Mandibular 
Foramen Left 
The left mandibular 
foramen 
 
Mandible MANMEE 
Mental 
Eminence 
The most anterior 
point of the mental 
eminence 
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Mandible MANMES Mental Spines 
The most midline 
point of the 
mandible at the 
mental spines 
 
Mandible MANMFL 
Mental Foramen 
Left 
The left mental 
foramen 
 
Mandible MANMFR 
Mental Foramen 
Right 
The right mental 
foramen 
 
Mandible MANMNL 
Mandibular 
Notch Left 
The point of 
greatest inflection 
within the left 
mandibular notch 
 
Mandible MANMNR 
Mandibular 
Notch Right 
The point of 
greatest inflection 
within the right 
mandibular notch 
 
Mandible MANSCL 
Superior 
Condyle Left 
The most superior 
point of the surface 
of the left condyle 
 
Mandible MANSCR 
Superior 
Condyle Right 
The most superior 
point of the surface 
of the right condyle 
 
Maxilla MAXALA Alare 
Point of greatest 
inflection on the 
nasal aperture 
 
Maxilla MAXASM 
Anterior 
Superior 
Maxillary 
Frontal Suture 
Maxillary point at 
the intersection of 
the frontal nasal 
maxillary 
intersection 
 
Maxilla MAXCAP 
Canine Alveolar 
Process 
Most superior point 
of the canine 
alveolar process 
 
Maxilla MAXFMP 
First Molar 
Point 
Most lateral point of 
the alveolar process 
at the first molar 
 
Maxilla MAXICF 
Incisive 
Foramen 
Foramen at anterior 
hard palate suture 
 
Maxilla MAXINM 
Inferior Nasal 
Maxillary 
Suture 
Inferior point of the 
nasal bones on the 
maxilla 
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Maxilla MAXIOF 
Infraorbital 
Foramen 
Foramen below the 
inferior orbital rim 
on the facial surface 
 
Maxilla MAXNAS Nasospinale 
The most anterior-
medial point at the 
inferior base of the 
nasal aperture 
 
Maxilla MAXPAB 
Posterior 
Alveolar Border 
The most posterior 
point of the alveolar 
border 
 
Maxilla MAXPRO Prosthion 
The most anterior 
point on the alveolar 
bone; medial to the 
central incisor 
 
Maxilla MAXPSM 
Posterior 
Superior 
Maxillary 
Frontal Suture 
Maxillary point at 
the dacryon 
intersection 
 
Maxilla MAXZMI 
Zygomatico-
maxillary 
Inferior 
The most inferior 
point of the 
zygomatico-
maxillary suture 
 
Maxilla MAXZMS 
Zygomatico-
maxillary 
superior 
Where the 
zygomatico-
maxillary suture 
intersects the orbital 
border 
 
Occipital OCCAOL 
Anterior 
Occipital 
Condyle Left 
The most anterior 
point on the left 
occipital condyle 
 
Occipital OCCAOR 
Anterior 
Occipital 
Condyle Right 
The most anterior 
point on the right 
occipital condyle 
 
Occipital OCCASL Asterion Left 
The most inferior 
point of the 
intersection of the 
left lambdoidal and 
squamosal sutures 
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Occipital OCCASR Asterior Right 
The most inferior 
point of the 
intersection of the 
right lambdoidal 
and squamosal 
sutures 
 
Occipital OCCBAS Basion 
The point of 
greatest inflection 
of the anterior 
border of the 
foramen magnum 
 
Occipital OCCCFR 
Condylar 
Foramen Right 
The external point 
of the right condylar 
foramen 
 
Occipital OCCCFL 
Condylar 
Foramen Left 
The external point 
of the left condylar 
foramen 
 
Occipital OCCEOP 
External 
Occipital 
Protuberance 
The most posterior 
point of the external 
occipital 
protuberance 
 
Occipital OCCHCL 
Hypoglossal 
Canal Left 
The left hypoglossal 
canal 
 
Occipital OCCHCR 
Hypoglossal 
Canal Right 
The right 
hypoglossal canal 
 
Occipital OCCIAL 
Internal 
Asterion Left 
The most internal 
inferior point of the 
intersection of the 
left lambdoidal and 
squamosal sutures 
 
Occipital OCCIAR 
Internal 
Asterion Right 
The most internal 
inferior point of the 
intersection of the 
right lambdoidal 
and squamosal 
sutures 
 
Occipital OCCIBA Internal Basion 
The point of 
greatest inflection 
of the internal 
anterior border of 
the foramen 
magnum 
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Occipital OCCICL 
Internal 
Condylar 
Foramen Left 
The internal point of 
the left condylar 
foramen 
 
Occipital OCCICR 
Internal 
Condylar 
Foramen Right 
The internal point of 
the right condylar 
foramen 
 
Occipital OCCILA Internal Lambda 
The most superior 
interior point on the 
intersection between 
the lambdoidal and 
sagittal sutures 
 
Occipital OCCINL 
Inferior Nuchal 
Left 
The most superior 
apex on the left 
inferior nuchal line 
 
Occipital OCCINR 
Inferior Nuchal 
Right 
The most superior 
apex on the right 
inferior nuchal line 
 
Occipital OCCIOC 
Internal 
Occipital Crest 
The most inferior 
point on the internal 
occipital crest 
 
Occipital OCCIOP 
Internal 
Occipital 
Protuberance 
The most anterior 
point on the internal 
occipital 
protuberance 
 
Occipital OCCIOT 
Internal 
Opisthion 
The point of 
greatest inflection 
on the internal 
posterior border of 
the foramen 
magnum 
 
Occipital OCCJNL 
Jugular Notch 
Left 
The point of 
greatest posterior 
inflection on the left 
jugular notch 
 
Occipital OCCJNR 
Jugular Notch 
Right 
The point of 
greatest posterior 
inflection on the 
right jugular notch 
 
Occipital OCCLAM Lambda 
The most superior 
point on the 
intersection between 
the lambdoidal and 
sagittal sutures 
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Occipital OCCLNL 
Lateral Superior 
Nuchal Line 
Left 
The most lateral 
point on the 
superior left nuchal 
line 
 
Occipital OCCLNR 
Lateral Superior 
Nuchal Line 
Right 
The most lateral 
point on the 
superior right 
nuchal line 
 
Occipital OCCLOL 
Lateral 
Occipital 
Condyle Left 
The most lateral 
point on the left 
occipital condyle 
 
Occipital OCCLOR 
Lateral 
Occipital 
Condyle Right 
The most lateral 
point on the right 
occipital condyle 
 
Occipital OCCOPI Opisthion 
The point of 
greatest inflection 
on the posterior 
border of the 
foramen magnum 
 
Occipital OCCPEO 
Posterior 
External 
Occipital Crest 
The most posterior 
point of the external 
occipital crest 
 
Occipital OCCPOL 
Posterior 
Occipital 
Condyle Left 
The most posterior 
point on the left 
occipital condyle 
 
Occipital OCCPOR 
Posterior 
Occipital 
Condyle Right 
The most posterior 
point on the right 
occipital condyle 
 
Occipital OCCSPL 
Superior Nuchal 
Line Left 
The most superior 
apex on the left 
superior nuchal line 
 
Occipital OCCSPR 
Superior Nuchal 
Line Right 
The most superior 
apex on the right 
superior nuchal line 
 
Occipital OCCSTL 
Superior Ridge 
of Transverse 
Sulcus 
The point at which 
the left transverse 
sulcus intersects the 
lambdoidal suture 
 
Occipital OCCSTR 
Superior Ridge 
of Transverse 
Sulcus 
The point at which 
the right transverse 
sulcus intersects the 
lambdoidal suture 
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Parietal PARAST Asterion 
The most inferior 
point of the 
intersection of the 
lambdoidal and 
squamosal sutures 
 
Parietal PARBRE Bregma 
The medial 
intersection of the 
frontal and parietal 
bones 
 
Parietal PARIBA 
Internal 
Asterion 
The most inferior 
point of the internal 
intersection of the 
lambdoidal and 
sagittal sutures 
 
Parietal PARIBL Internal Lambda 
The most superior 
point on the internal 
intersection between 
the lambdoidal and 
sagittal sutures 
 
Parietal PARIBR Internal Bregma 
The medial internal 
intersection of the 
frontal and parietal 
bones 
 
Parietal PARKRO Krotaphion 
The intersection of 
the coronal and 
squamosal sutures 
 
Parietal PARLAM Lambda 
The most superior 
point on the 
intersection of the 
lambdoidal and 
sagittal sutures 
 
Parietal PARTCE 
Temporal Line 
at Coronal 
Suture Exterior 
The point where the 
temporal line 
crosses the coronal 
suture on the 
external surface 
 
Parietal PARTCI 
Temporal Line 
at Coronal 
Suture Interior 
The point where the 
temporal line 
crosses the coronal 
suture on the 
internal surface 
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Radius RADADF 
Anterior 
Division of 
Distal Facets 
The anterior notch 
that divides the two 
distal facets 
 
Radius RADAMS 
Anterior Medial 
Articular 
Surface 
The most anterior 
point of the medial 
articular surface 
Most inferior 
point of the 
circumferential 
articular 
surface on the 
anteromedial 
border 
Radius RADART 
Most Anterior 
Point of the 
Radial 
Tuberosity 
Most anterior point 
of the radial 
tuberosity 
Inferior border 
of the radial 
tuberosity 
Radius RADDTB Dorsal Tubercle 
The most posterior 
point of the dorsal 
tubercle 
 
Radius RADDUN 
Distal Ulnar 
Articular 
Surface 
Distal ulnar 
articular surface at 
the midline of the 
ulnar facet 
 
Radius RADIIC 
Interosseous 
Crest at the 
Quadratus 
Attachment 
Interosseous crest at 
the quadratus 
attachment 
Point at which 
interosseous 
crest curves 
posteriorly 
towards the 
dorsal tubercle 
Radius RADMNF 
Midshaft 
Nutrient 
Foramen 
The nutrient 
foramen nearest to 
the midshaft 
 
Radius RADPDF 
Posterior 
Division of 
Distal Facets 
The posterior notch 
that divides the two 
distal facets 
 
Radius RADPIC 
Proximal 
Interosseous 
Crest 
Most proximal point 
of the interosseous 
crest 
Inferior to 
radial 
tuberosity and 
adjacent to 
nutrient 
foramen 
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Radius RADPMS 
Posterior 
Medial 
Articular 
Surface 
The most posterior 
point of the medial 
articular surface 
Most superior 
point of the 
circumferential 
articular 
surface on the 
posteromedial 
side 
Radius RADPRT 
Pronator Teres 
Insertion 
Pronator Teres 
Insertion 
 
Radius RADRDT 
Radial 
Tuberosity 
Most medial point 
of the radial 
tuberosity 
 
Radius RADRHC 
Radial Head 
Center 
Most inferior point 
of the radial head 
 
Radius RADSTP Styloid Process 
Most inferior point 
of the styloid 
process 
 
Radius RADULF Ulnar Facet 
Most inferior apex 
of the facet for the 
ulna 
 
Radius RADULN Ulnar Notch 
The most midline 
superior point of the 
intersection of the 
subchondral and 
cortical bone 
 
Scapula SCAAGF 
Anterior Notch 
Glenoid Fossa 
The point of 
greatest inflection 
on the anterior 
notch on the 
anterior border of 
the glenoid fossa 
 
Scapula SCACLA 
Clavicular 
Articulation 
The most anterior 
point of the 
clavicular 
articulation 
 
Scapula SCAIDI 
Inferior Deltoid 
Insertion 
The most inferior 
point of the deltoid 
insertion 
Around 
midline 
scapular spine 
Scapula SCAIGT 
Infraglenoid 
Tubercle 
The tubercle 
inferior to the 
glenoid fossa 
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Scapula SCAIMG 
Inflection 
Medial to 
Glenoid 
The point of 
greatest inflection 
between the neck 
and the scapular 
spine 
 
Scapula SCAIMS 
Inferior Medial 
Scapular Spine 
The point of 
greatest extension 
on the inferior edge 
of the medial 
scapular spine 
 
Scapula SCAINA Inferior Angle 
The most inferior 
point where the 
vertebral and 
axillary borders 
intersect 
 
Scapula SCALCP 
Lateral 
Coracoid 
Process 
The most lateral 
point on the 
coracoid process 
 
Scapula SCALSA 
Lateral Superior 
Acromion 
Process 
The most lateral 
superior point of the 
acromion process 
 
Scapula SCAMCP 
Medial 
Coracoid 
Process 
The most medial 
point on the 
coracoid process 
 
Scapula SCAPGF 
Posterior 
Glenoid Fossa 
The most posterior 
point on the border 
of the glenoid fossa 
 
Scapula SCASDI 
Superior 
Deltoid 
Insertion 
The most superior 
point on the deltoid 
insertion 
Inferior 
posterior lateral 
corner of 
acromion 
process 
Scapula SCASGF 
Superior 
Glenoid Fossa 
The most superior 
point on the border 
of the glenoid fossa 
 
Scapula SCASSN 
Suprascapular 
Notch 
The point of 
greatest inflection 
on the subscapular 
notch 
 
Scapula SCASUA Superior Angle 
The most superior 
point on the 
superior border of 
the scapula 
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Scapula SCATMI 
Teres Major 
Insertion 
The most superior 
point on the teres 
major insertion 
 
Scapula SCATRL 
Trapezoid 
Ligament 
The most lateral 
anterior point of the 
attachment site for 
the trapezoid 
ligament 
Around 
midline 
coracoid 
process 
Tibia TIBAAF 
Anterior Lateral 
Articular Facet 
Most anterior lateral 
point of the articular 
facet at the 
articulation of the 
subchondral and 
cortical bone 
 
Tibia TIBALC 
Anterior Lateral 
Condyle 
Most anterior point 
of the lateral 
condyle 
 
Tibia TIBAMC 
Anterior Medial 
Condyle 
Most anterior point 
of the medial 
condyle 
 
Tibia TIBASF 
Anterior 
Superior Fibular 
Notch 
Most superior point 
of the anterior 
tubercle of the 
fibular notch 
 
Tibia TIBDMM 
Distal Medial 
Malleolus 
Most inferior point 
of the medial 
malleolus 
 
Tibia TIBFLD 
Flexor Longus 
Attachment 
Medial attachment 
of the flexor longus 
digitorum and the 
tibialis posticus 
tendons; superior to 
the medial 
malleolus 
Along the 
medial crest 
just inferior to 
midshaft 
Tibia TIBIPL 
Inferomedial 
Popliteal Line 
Most inferior 
medial point of the 
popliteal line 
Soleal line, 
intersection 
with medial 
crest 
Tibia TIBLFA 
Lateral Fibular 
Articular Facet 
Most lateral point of 
the fibular facet at 
the intersection of 
the subchondral and 
cortical bone 
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Tibia TIBLIT 
Lateral 
Intercondylar 
Tubercle 
The superior point 
of the lateral 
intercondylar 
tubercle 
 
Tibia TIBLPC 
Lateral 
Posterior 
Condyle 
Most 
medial/posterior 
corner of the lateral 
condyle 
 
Tibia TIBLQF 
Lateral 
Attachment of 
the Quadriceps 
Femoris 
Most lateral point of 
the attachment site 
for the quadriceps 
femoris muscle 
Lateral side of 
tibial tuberosity 
Tibia TIBMFA 
Medial Fibular 
Articular Facet 
Most medial point 
of the fibular facet 
at the intersection of 
the subchondral and 
cortical bone 
 
Tibia TIBMIT 
Medial 
Intercondylar 
Tubercle 
The superior point 
of the medial 
intercondylar 
tubercle 
 
Tibia TIBMPC 
Medial 
Posterior 
Condyle 
Most 
lateral/posterior 
corner of the medial 
condyle 
 
Tibia TIBMQF 
Medial 
Attachment of 
the Quadriceps 
Femoris 
Most medial point 
of the attachment 
site for the 
quadriceps femoris 
muscle 
Medial side of 
tibial tuberosity 
Tibia TIBPIS 
Posterior 
Inferior Point of 
the 
Semimembrano-
sus Attachment 
Most posterior and 
inferior point of the 
semimembranosus 
attachment inferior 
to the medial 
condyle 
 
Tibia TIBPLF 
Posterior 
Lateral 
Articular Facet 
Most posterior 
lateral point of the 
articular facet at the 
articulation of the 
subchondral and 
cortical bone 
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Tibia TIBPMM 
Posterior 
Medial 
Malleolus 
Most inferior 
posterior point of 
the medial 
malleolus 
 
Tibia TIBPNF 
Popliteal Line at 
the Nutrient 
Foramen 
Popliteal line at the 
level of the nutrient 
foramen 
Lateral to 
nutrient 
foramen 
Tibia TIBPSF 
Posterior 
Superior Fibular 
Notch 
Most superior point 
of the posterior 
tubercle of the 
fibular notch 
 
Tibia TIBSPL 
Superolateral 
Popliteal Line 
Most superior 
lateral point of the 
popliteal line 
Inferior to 
tibial plateau 
and fibular 
articular facet 
Tibia TIBSTL 
Superior 
Tibrofibular 
Ligament 
Intersection of the 
superior point of the 
tibrofibular 
ligament and the 
interosseous crest 
Superior 
fibular notch 
intersecting 
interosseous 
crest 
Tibia TIBSTT 
Superior Tibial 
Tuberosity 
Most superior point 
of the tibial 
tuberosity 
 
Tibia TIBTAC 
Terminus of the 
Anterior Crest 
The terminus of the 
anterior crest in the 
distal third of the 
shaft 
 
Temporal TMPAAE 
Anterior 
Articular 
Eminence 
The most anterior 
point of the articular 
eminence 
 
Temporal TMPAZR 
Anterior 
Zygomatic Root 
The most anterior 
point of the 
zygomatic root 
 
Temporal TMPARE 
Arcuate 
Eminence 
The center point of 
the lateral eminence 
superior to 
auriculare 
Eminence on 
the superior 
surface of the 
petrosal portion 
Temporal TMPAST Asterion 
The point where the 
squamosal suture 
intersects the 
lambdoidal suture 
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Temporal TMPAUR Auriculare 
The point of 
greatest inflection 
superior to the 
external auditory 
meatus 
 
Temporal TMPBSY Base of Styloid 
The base of the 
styloid process 
 
Temporal TMPCCF 
Carotid Canal 
Flexure 
The greatest 
inflection within the 
carotid canal 
 
Temporal TMPEGP 
Entoglenoid 
Process 
The process at the 
most distal point of 
the posterior border 
of the 
temporomandibular 
joint 
 
Temporal TMPEPN 
External 
Inferior Point of 
Parietal Notch 
The most inferior 
point of the parietal 
notch on the 
external surface 
 
Temporal TMPGPS 
Groove 
Superior 
Petrous Sinus at 
Sigmoid 
The groove superior 
to the petrous sinus 
at the sigmoid 
sulcus 
 
Temporal TMPIAM 
Internal 
Auditory 
Meatus 
The center point of 
the internal auditory 
meatus 
 
Temporal TMPIMP 
Inferior Margin 
of Mastoid 
Process 
The most inferior 
point of the mastoid 
process 
 
Temporal TMPIPN 
Internal Inferior 
Point of Parietal 
Notch 
The most inferior 
point of the parietal 
notch on the internal 
surface 
 
Temporal TMPISS 
Inferior 
Sigmoid Sulcus 
The most inferior 
point of the sigmoid 
sulcus 
 
Temporal TMPIZS 
Inferior 
Zygomatic 
Process Suture 
The inferior point of 
the 
zygomaticotemporal 
suture 
 
Temporal TMPJGF Jugular Fossa 
The center point of 
the jugular fossa 
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Temporal TMPJGS Jugular Surface 
The center point of 
the jugular surface 
Center of the 
articular 
surface 
posterior to 
fossa 
Temporal TMPLAE 
Lateral 
Articular 
Eminence 
The most lateral 
point of the articular 
eminence 
 
Temporal TMPMSF 
Mastoid 
Foramen 
The mastoid 
foramen 
 
Temporal TMPMVA 
Meningeal 
Vessel Exit 
Anterior 
Where the 
meningeal grooves 
exit the temporal at 
the anterior margin 
 
Temporal TMPMVI 
Meningeal 
Vessel Entrance 
Inferior 
Where the 
meningeal grooves 
enter the temporal 
on the inferior 
margin 
 
Temporal TMPMVP 
Meningeal 
Vessel Exit 
Posterior 
Where the 
meningeal grooves 
exit the temporal at 
the posterior margin 
 
Temporal TMPPGP 
Postglenoid 
Process 
The process at the 
most superior point 
of the posterior 
border of the 
temporomandibular 
joint 
 
Temporal TMPPMG 
Posterior 
Mastoid Groove 
The posterior point 
of the mastoid 
groove 
 
Temporal TMPPOG 
Posterior 
Occipital 
Groove 
The posterior point 
of the occipital 
groove 
 
Temporal TMPPTP 
Posterior 
Tympanic Plate 
The most posterior 
portion of the 
tympanic plate 
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Element 
Landmark 
Abbreviation 
Landmark 
Name 
Landmark 
Description 
Additional 
Notes 
Temporal TMPSMP Suprameatal Pit 
The center point of 
the suprameatal pit 
Small 
depression or 
hole superior to 
external 
auditory 
meatus 
Temporal TMPSSS 
Superior 
Sigmoid Sulcus 
The most superior 
point of the sigmoid 
sulcus 
 
Temporal TMPSYF 
Styloid 
Foramen 
The foramen distal 
to the base of the 
styloid process 
 
Temporal TMPSZS 
Superior 
Zygomatic 
Process Suture 
The superior point 
of the 
zygomaticotemporal 
suture 
 
Ulna ULNCDA 
Centroid of the 
Distal Ulnar 
Articulation 
Centroid of the 
distal ulnar 
articulation 
Center of the 
distal articular 
circumference 
(anterior) 
Ulna ULNDPR 
Distal Pronator 
Ridge 
Distal pronator 
ridge 
Distal end of 
ridge, medial 
and proximal to 
styloid process 
Ulna ULNNFM 
Nutrient 
Foramen 
Nearest to midshaft 
(maybe more than 
one) 
 
Ulna ULNIIC 
Inferior Point of 
the Interosseous 
Crest 
Inferior point of the 
interosseous crest 
Just proximal 
to distal 
articular 
surface 
Ulna ULNITN 
Inferior 
Trochlear Notch 
Most inferior lateral 
point of the guiding 
ridge 
Near the 
coronoid 
process on the 
horizontal 
portion of 
trochlear notch 
Ulna ULNMCP 
Medial 
Coronoid 
Process 
Medial point of the 
coronoid where the 
flexor sublimis 
digitorum inserts 
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Element 
Landmark 
Abbreviation 
Landmark 
Name 
Landmark 
Description 
Additional 
Notes 
Ulna ULNLOP 
Lateral 
Olecranon 
Process 
Lateral point of the 
triceps brachii 
muscle insertion 
 
Ulna ULNDMS 
Distal Margin of 
the Supinator 
Ridge 
Most inferior point 
of the supinator 
ridge 
Before 
supinator crest 
straightens and 
turns into 
longitudinal 
crest 
Ulna ULNPRA 
Posterior Radial 
Articulation 
Most posterior point 
of the radial 
articulation 
intersecting with the 
extensor carpi 
ulnaris groove 
 
Ulna ULNMDE 
Medial Distal 
Epiphysis 
Most medial point 
of the distal 
epiphysis where the 
subchondral and 
cortical bone meet 
Just distal to 
the distal end 
of pronator 
ridge 
Ulna ULNMIC 
Transverse Max 
Breadth Point of 
the Shaft on the 
Interosseous 
Crest 
Transverse max 
breadth point of the 
shaft on the 
interosseous crest 
Around 
midshaft, distal 
to nutrient 
foramen 
Ulna ULNMOP 
Medial 
Olecranon 
Process 
Medial point of the 
triceps brachii 
muscle insertion 
 
Ulna ULNMTN 
Midpoint of 
Trochlear Notch 
Intersection of 
midline trochlear 
notch and guiding 
ridge 
Intersection of 
horizontal and 
lateral planes 
of trochlear 
notch 
Ulna ULNRNA 
Radial Notch 
Anterior 
Intersection of the 
coronoid facet and 
the radial notch 
 
Ulna ULNRNI 
Radial Notch 
Inferior 
Posterior 
The inferior 
posterior point of 
the radial notch at 
the junction with the 
ridge 
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Element 
Landmark 
Abbreviation 
Landmark 
Name 
Landmark 
Description 
Additional 
Notes 
Ulna ULNRNS 
Radial Notch 
Superior 
The superior 
posterior point of 
the radial notch at 
the junction with the 
ridge 
 
Ulna ULNSOP 
Superior 
Olecranon 
Process 
Most superior point 
of the olecranon 
process at muscle 
insertion 
 
Ulna ULNSTN 
Superior 
Trochlear Notch 
Most superior point 
of the guiding ridge 
 
Ulna ULNSTP Styloid Process 
Most inferior point 
on the styloid 
process 
 
Ulna ULNULT 
Ulnar 
Tuberosity 
Midpoint of the 
ulnar tuberosity/ 
attachment for the 
brachialis muscle 
 
Zygomatic ZYGFMS 
Frontomalar 
Suture 
Most superior point 
of the left 
zygomatic 
 
Zygomatic ZYGIFS 
Inferior 
Frontomalar 
Suture 
Most inferior point 
of the frontomalar 
suture within the 
orbit 
 
Zygomatic ZYGJUG Jugulae 
Point of greatest 
inflection on the 
lateral border 
 
Zygomatic ZYGLBE 
Lateral Border 
Extension 
Most 
lateral/posterior 
extension of the 
frontal process 
 
Zygomatic ZYGLMO 
Lateral 
Masseteric 
Origin 
Most lateral point of 
the masseteric 
origin 
 
Zygomatic ZYGZCF 
Zygomatico-
facial Foramen 
Foramen on the 
facial surface 
 
Zygomatic ZYGZMI 
Zygomatico-
maxillary 
Inferior 
The most inferior 
point of the 
zygomatico-
maxillary suture 
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Element 
Landmark 
Abbreviation 
Landmark 
Name 
Landmark 
Description 
Additional 
Notes 
Zygomatic ZYGZMS 
Zygomatico-
maxillary 
Superior 
Where the 
zygomatico-
maxillary suture 
intersects the orbital 
border 
 
Zygomatic ZYGZOF 
Zygomatico-
orbital Foramen 
Foramen within the 
orbital surface 
 
Zygomatic ZYGZTF 
Zygomatico-
temporal 
Foramen 
Foramen on the 
internal surface 
 
Zygomatic ZYGZTI 
Zygomatico-
temporal 
Inferior 
Most inferior point 
of the zygomatico-
temporal suture 
 
Zygomatic ZYGZTS 
Zygomatico-
temporal 
Superior 
Most superior point 
of the zygomatico-
temporal suture 
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APPENDIX B. GRAPHICS FOR LANDMARK LOCATION 
 
Figure B.1. Calcaneus, superior (Left) and inferior (Right); photograph adapted from White et al. 
(2012). Reprinted with permission of Elsevier. 
 
 
Figure B.2. Clavicle, inferior; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.3. Clavicle, superior; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
 
 
Figure B.4. Femur, anterior; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.5. Femur, lateral; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.6. Femur, medial; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.7. Femur, posterior; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.8. Fibula, anterior; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.9. Fibula, lateral; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.10. Fibula, medial; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.11. Fibula, posterior; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.12. Frontal, anterior; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.13. Frontal, posterior; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.14. Humerus, anterior; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.15. Humerus, lateral; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.16. Humerus, medial; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.17. Humerus, posterior; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.18. Mandible, lateral; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.19. Mandible, posterior; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
 
 
Figure B.20. Maxilla, anterior (Left) and posterior (Right); photograph adapted from White et al. 
(2012). Reprinted with permission of Elsevier. 
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Figure B.21. Occipital, anterior; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.22. Occipital, posterior; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.23. Os coxa, lateral; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.24. Os coxa, medial; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
 
 
148 
 
 
Figure B.25. Parietal, lateral; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.26. Parietal, medial; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.27. Radius, anterior; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.28. Radius, lateral; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.29. Radius, medial; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.30. Radius, posterior; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.31. Scapula, anterior; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.32. Scapula, lateral; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
156 
 
 
Figure B.33. Scapula, posterior; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.34. Scapula, superior; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.35. Temporal, inferior (Left) and superior (Right); photograph adapted from White et 
al. (2012). Reprinted with permission of Elsevier. 
 
 
Figure B.36. Temporal, lateral; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.37. Temporal, medial; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
 
 
Figure B.38. Tibia, anterior; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.39. Tibia, lateral; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.40. Tibia, medial; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.41. Tibia, posterior; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.42. Ulna, anterior; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.43. Ulna, lateral; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.44. Ulna, medial; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
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Figure B.45. Ulna, posterior; photograph adapted from White et al. (2012). Reprinted with 
permission of Elsevier. 
 
 
Figure B.46. Zygomatic, lateral (Left) and medial (Right); photograph adapted from White et al. 
(2012). Reprinted with permission of Elsevier. 
 
 
 
These figures were published in Human Osteology, White et al., Pages 60-278. 
Copyright Elsevier (2012). 
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APPENDIX C. FRAGMENT COUNT BY LANDMARK 
Landmark 
name 
Early pit 
Left 
Early pit 
Unsided 
Early pit 
Right 
Late pit 
Left 
Late pit 
Unsided 
Late pit 
Right 
CALDTF 0 0 0 0 0 0 
CALICF 0 0 0 0 0 0 
CALLAP 0 0 0 0 0 0 
CALLCF 0 0 0 0 0 0 
CALMAA 0 0 0 0 0 0 
CALMEP 0 0 0 0 0 0 
CALMST 0 0 0 0 0 0 
CALPTF 0 0 0 0 0 0 
CALSCF 0 0 0 0 0 0 
CLAAAE 1 0 0 0 0 1 
CLACTB 2 0 0 2 0 2 
CLAIMS 0 0 1 0 0 1 
CLALCT 0 0 1 2 0 2 
CLALDL 2 0 0 2 0 3 
CLALSS 2 0 1 2 0 3 
CLALTL 2 0 0 1 0 2 
CLAMCT 0 0 1 1 0 2 
CLAMDL 2 0 0 2 0 3 
CLAMSS 0 0 2 2 0 2 
(table cont’d) 
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Landmark 
name 
Early pit 
Left 
Early pit 
Unsided 
Early pit 
Right 
Late pit 
Left 
Late pit 
Unsided 
Late pit 
Right 
CLAMTL 2 0 0 2 0 2 
CLAPAE 1 0 0 0 0 0 
CLASAS 0 0 1 0 0 0 
CLASPS 0 0 1 0 0 1 
FEMAJN 1 0 0 1 0 0 
FEMATB 0 0 0 1 0 0 
FEMFAP 0 0 1 0 1 1 
FEMFCP 0 0 1 0 1 1 
FEMFPP 0 0 1 1 1 1 
FEMGTB 1 0 0 6 1 5 
FEMGTP 1 0 0 1 0 0 
FEMGTS 1 0 0 1 0 0 
FEMIGT 1 0 1 8 1 6 
FEMIIL 0 0 2 2 0 0 
FEMIIM 1 0 0 2 0 0 
FEMILA 0 0 0 2 0 1 
FEMIMT 1 0 1 1 0 0 
FEMINP 0 0 0 2 0 0 
FEMIPF 0 0 0 0 0 0 
FEMIPG 1 0 1 1 0 0 
FEMIPL 1 0 2 2 0 0 
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Landmark 
name 
Early pit 
Left 
Early pit 
Unsided 
Early pit 
Right 
Late pit 
Left 
Late pit 
Unsided 
Late pit 
Right 
FEMIPM 1 0 0 3 0 0 
FEMITL 1 0 1 6 0 5 
FEMLAN 2 0 1 6 1 5 
FEMLAS 1 0 1 7 0 6 
FEMLEC 1 0 0 0 0 0 
FEMLPS 2 0 0 1 0 0 
FEMLTC 1 0 0 2 0 0 
FEMMEC 1 0 0 2 0 0 
FEMMLS 1 0 0 2 0 0 
FEMMPF 0 0 0 1 0 0 
FEMMPS 1 0 0 1 0 0 
FEMPPG 1 0 1 0 0 0 
FEMSGT 0 0 0 2 0 0 
FEMSMT 1 0 1 1 0 0 
FEMTCF 1 0 0 1 0 0 
FEMTVE 0 0 0 0 0 0 
FIBAFA 0 0 0 0 0 0 
FIBDLM 0 0 0 0 0 0 
FIBIEL 0 0 0 0 0 0 
FIBIFL 0 0 0 0 0 0 
FIBIMA 0 0 0 0 0 0 
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Landmark 
name 
Early pit 
Left 
Early pit 
Unsided 
Early pit 
Right 
Late pit 
Left 
Late pit 
Unsided 
Late pit 
Right 
FIBLIS 0 0 0 0 0 0 
FIBMIF 0 0 0 0 0 0 
FIBMLF 0 0 0 0 0 0 
FIBNTF 0 0 0 0 0 0 
FIBPSP 0 0 0 0 0 0 
FIBSAM 0 0 0 0 0 0 
FIBSEL 0 0 0 0 0 0 
FIBSPM 0 0 0 0 0 0 
FROBRE . 1 . . 5 . 
FRODYL . 0 . . 1 . 
FRODYR . 0 . . 1 . 
FROFAL . 1 . . 4 . 
FROFAR . 1 . . 3 . 
FROFCI . 1 . . 2 . 
FROFCS . 3 . . 4 . 
FROFML . 0 . . 2 . 
FROFOC . 0 . . 1 . 
FROFOL . 1 . . 4 . 
FROFOR . 3 . . 2 . 
FROFTL . 1 . . 4 . 
FROFTR . 1 . . 3 . 
(table cont’d)       
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Landmark 
name 
Early pit 
Left 
Early pit 
Unsided 
Early pit 
Right 
Late pit 
Left 
Late pit 
Unsided 
Late pit 
Right 
FROGLA . 1 . . 2 . 
FRONAS . 0 . . 2 . 
FROSNL . 1 . . 5 . 
FROSNR . 2 . . 3 . 
FROTCL . 0 . . 2 . 
FROTCR . 0 . . 1 . 
HUMCFC 1 0 2 1 0 2 
HUMFGT 1 0 1 0 0 0 
HUMIDT 2 0 2 4 0 2 
HUMILT 1 0 1 1 0 0 
HUMIME 1 0 3 2 0 0 
HUMIMH 1 1 1 0 1 0 
HUMIPM 2 0 1 1 0 1 
HUMITM 2 0 1 1 0 0 
HUMLEC 1 0 3 0 0 1 
HUMMEC 1 0 2 1 0 1 
HUMNFM 2 0 1 5 1 3 
HUMPCT 2 0 3 1 0 2 
HUMRAF 1 0 3 1 0 2 
HUMSAT 1 0 3 2 0 1 
HUMSDT 2 0 1 2 0 1 
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Landmark 
name 
Early pit 
Left 
Early pit 
Unsided 
Early pit 
Right 
Late pit 
Left 
Late pit 
Unsided 
Late pit 
Right 
HUMSGT 1 0 1 0 0 0 
HUMSLC 1 0 2 0 0 0 
HUMSLT 1 0 1 0 0 0 
HUMSMH 1 1 1 0 1 0 
HUMSMT 1 0 1 2 0 1 
HUMSOF 1 0 3 2 0 2 
HUMSPL 1 0 3 0 0 2 
HUMSPT 1 0 2 2 0 2 
HUMSSR 2 0 3 4 0 4 
HUMSTC 1 0 3 1 0 2 
OSCAAS 1 0 0 2 0 2 
OSCACF 1 0 0 2 0 0 
OSCAIA 0 0 0 0 0 0 
OSCAII 1 0 0 1 0 2 
OSCAOF 0 0 0 0 0 0 
OSCASI 1 0 0 0 0 0 
OSCASN 1 0 0 2 0 1 
OSCATP 0 0 0 0 0 0 
OSCGSN 1 0 0 4 0 2 
OSCILT 1 0 0 0 0 0 
OSCIOF 0 0 0 2 0 0 
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Landmark 
name 
Early pit 
Left 
Early pit 
Unsided 
Early pit 
Right 
Late pit 
Left 
Late pit 
Unsided 
Late pit 
Right 
OSCIPA 0 0 0 1 0 0 
OSCIPS 0 0 0 0 0 0 
OSCISC 0 0 0 0 0 0 
OSCPAG 1 0 0 3 0 2 
OSCPIA 1 0 0 3 0 1 
OSCPII 1 0 0 2 0 1 
OSCPPS 0 0 0 0 0 0 
OSCPSA 1 0 0 2 0 1 
OSCPSI 1 0 0 1 0 0 
OSCQLM 1 0 0 0 0 0 
OSCRIS 1 0 0 1 0 2 
OSCSLC 0 0 0 3 0 1 
OSCSMC 0 0 0 3 0 1 
OSCSPA 0 0 0 3 0 1 
OSCSPS 0 0 0 0 0 0 
OSCSRA 0 0 0 2 0 0 
MANAOL . 3 . . 4 . 
MANAOR . 1 . . 4 . 
MANCAL . 0 . . 3 . 
MANCAR . 0 . . 3 . 
MANCPL . 1 . . 1 . 
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Landmark 
name 
Early pit 
Left 
Early pit 
Unsided 
Early pit 
Right 
Late pit 
Left 
Late pit 
Unsided 
Late pit 
Right 
MANCPR . 2 . . 2 . 
MANFML . 1 . . 4 . 
MANFMR . 2 . . 5 . 
MANGAN . 3 . . 6 . 
MANGOL . 2 . . 2 . 
MANGOR . 2 . . 0 . 
MANIND . 3 . . 3 . 
MANLCL . 2 . . 1 . 
MANLCR . 3 . . 1 . 
MANMDR . 2 . . 2 . 
MANMCL . 1 . . 0 . 
MANMCR . 2 . . 2 . 
MANMDL . 3 . . 4 . 
MANMEE . 1 . . 5 . 
MANMES . 3 . . 6 . 
MANMFL . 0 . . 4 . 
MANMFR . 1 . . 3 . 
MANMNL . 1 . . 3 . 
MANMNR . 2 . . 1 . 
MANSCL . 1 . . 2 . 
MANSCR . 2 . . 2 . 
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Landmark 
name 
Early pit 
Left 
Early pit 
Unsided 
Early pit 
Right 
Late pit 
Left 
Late pit 
Unsided 
Late pit 
Right 
MAXALA 1 0 1 0 0 2 
MAXASM 0 0 0 0 0 0 
MAXCAP 2 0 1 4 0 4 
MAXFMP 0 0 1 3 0 4 
MAXICF 1 0 0 4 0 4 
MAXINM 0 0 0 0 0 0 
MAXIOF 0 0 0 0 0 0 
MAXNAS 0 0 1 4 0 3 
MAXPAB 1 0 1 1 0 0 
MAXPRO 1 0 1 3 0 2 
MAXPSM 0 0 0 0 0 0 
MAXZMI 0 0 0 1 0 1 
MAXZMS 0 0 0 1 0 0 
OCCAOL . 1 . . 4 . 
OCCAOR . 1 . . 4 . 
OCCASL . 0 . . 0 . 
OCCASR . 0 . . 1 . 
OCCBAS . 0 . . 2 . 
OCCCFR . 1 . . 2 . 
OCCCFL . 0 . . 1 . 
OCCEOP . 1 . . 8 . 
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Landmark 
name 
Early pit 
Left 
Early pit 
Unsided 
Early pit 
Right 
Late pit 
Left 
Late pit 
Unsided 
Late pit 
Right 
OCCHCL . 1 . . 5 . 
OCCHCR . 2 . . 5 . 
OCCIAL . 0 . . 0 . 
OCCIAR . 0 . . 0 . 
OCCIBA . 0 . . 2 . 
OCCICL . 0 . . 1 . 
OCCICR . 0 . . 2 . 
OCCILA . 1 . . 4 . 
OCCINL . 0 . . 1 . 
OCCINR . 0 . . 2 . 
OCCIOC . 1 . . 3 . 
OCCIOP . 1 . . 7 . 
OCCIOT . 0 . . 2 . 
OCCJNL . 0 . . 1 . 
OCCJNR . 1 . . 1 . 
OCCLAM . 1 . . 4 . 
OCCLNL . 1 . . 0 . 
OCCLNR . 0 . . 4 . 
OCCLOL . 1 . . 5 . 
OCCLOR . 2 . . 4 . 
OCCOPI . 0 . . 2 . 
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Landmark 
name 
Early pit 
Left 
Early pit 
Unsided 
Early pit 
Right 
Late pit 
Left 
Late pit 
Unsided 
Late pit 
Right 
OCCPEO . 0 . . 2 . 
OCCPOL . 0 . . 3 . 
OCCPOR . 2 . . 4 . 
OCCSPL . 2 . . 7 . 
OCCSPR . 1 . . 6 . 
OCCSTL . 0 . . 1 . 
OCCSTR . 0 . . 1 . 
PARAST 0 0 0 3 0 3 
PARBRE 0 0 1 0 0 3 
PARIBA 0 0 0 3 0 3 
PARIBL 0 0 0 3 0 3 
PARIBR 0 0 0 0 0 3 
PARKRO 0 0 0 0 0 0 
PARLAM 0 0 1 3 0 3 
PARTCE 0 0 0 0 0 2 
PARTCI 0 0 0 0 0 2 
RADADF 0 0 0 0 0 0 
RADAMS 0 0 0 2 0 0 
RADART 0 0 0 1 0 0 
RADDTB 0 0 0 0 0 0 
RADDUN 0 0 0 0 0 0 
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Landmark 
name 
Early pit 
Left 
Early pit 
Unsided 
Early pit 
Right 
Late pit 
Left 
Late pit 
Unsided 
Late pit 
Right 
RADIIC 0 0 0 2 0 0 
RADMNF 1 0 0 2 0 1 
RADPDF 0 0 0 0 0 0 
RADPIC 1 0 0 2 0 1 
RADPMS 0 0 0 1 0 0 
RADPRT 1 0 0 3 0 1 
RADRDT 0 0 0 1 0 0 
RADRHC 0 0 0 2 2 0 
RADSTP 0 0 0 0 0 0 
RADULF 0 0 0 0 0 0 
RADULN 0 0 0 0 0 0 
SCAAGF 1 0 0 0 0 3 
SCACLA 0 0 0 0 0 0 
SCAIDI 0 0 0 0 0 1 
SCAIGT 1 0 1 0 0 4 
SCAIMG 1 0 1 1 1 5 
SCAIMS 0 0 0 0 0 0 
SCAINA 0 0 0 0 0 0 
SCALCP 0 0 0 0 0 0 
SCALSA 0 0 0 0 0 1 
SCAMCP 0 0 0 0 0 1 
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Landmark 
name 
Early pit 
Left 
Early pit 
Unsided 
Early pit 
Right 
Late pit 
Left 
Late pit 
Unsided 
Late pit 
Right 
SCAPGF 1 0 1 0 0 3 
SCASDI 0 0 0 0 0 1 
SCASGF 1 0 0 0 0 2 
SCASSN 0 0 0 0 0 1 
SCASUA 0 0 0 0 0 0 
SCATMI 0 0 0 0 0 0 
SCATRL 0 0 0 0 0 1 
TIBAAF 0 0 0 0 0 0 
TIBALC 1 0 0 0 0 0 
TIBAMC 1 0 0 0 0 0 
TIBASF 0 0 0 0 0 0 
TIBDMM 0 0 0 0 0 0 
TIBFLD 0 0 0 1 0 0 
TIBIPL 0 0 0 0 0 0 
TIBLFA 1 0 0 0 0 0 
TIBLIT 1 0 1 0 0 0 
TIBLPC 1 0 1 0 0 0 
TIBLQF 1 0 0 0 0 0 
TIBMFA 1 0 1 0 0 0 
TIBMIT 1 0 0 0 0 0 
TIBMPC 1 0 0 0 0 0 
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Landmark 
name 
Early pit 
Left 
Early pit 
Unsided 
Early pit 
Right 
Late pit 
Left 
Late pit 
Unsided 
Late pit 
Right 
TIBMQF 1 0 0 0 0 0 
TIBPIS 1 0 1 0 0 0 
TIBPLF 0 0 0 0 0 0 
TIBPMM 0 0 0 0 0 0 
TIBPNF 1 0 0 0 0 0 
TIBPSF 0 0 0 0 0 0 
TIBSPL 1 0 0 0 0 0 
TIBSTL 0 0 0 0 0 0 
TIBSTT 1 0 0 0 0 0 
TEMAAE 1 0 2 3 0 4 
TEMAZR 1 0 2 4 0 6 
TEMARE 1 0 3 6 0 6 
TEMAST 0 0 1 5 0 4 
TEMAUR 1 0 1 7 0 5 
TEMBSY 0 0 1 5 0 5 
TEMCCF 0 0 1 3 0 3 
TEMEGP 1 0 1 4 0 5 
TEMEPN 0 0 1 5 0 6 
TEMGPS 1 0 3 7 0 6 
TEMIAM 2 1 4 6 1 7 
TEMIMP 0 0 1 6 0 7 
(table cont’d)       
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Landmark 
name 
Early pit 
Left 
Early pit 
Unsided 
Early pit 
Right 
Late pit 
Left 
Late pit 
Unsided 
Late pit 
Right 
TEMIPN 0 0 1 6 0 7 
TEMISS 0 0 1 4 0 5 
TEMIZS 0 0 0 0 0 0 
TEMJGF 0 0 2 6 0 6 
TEMJGS 0 0 0 1 0 3 
TEMLAE 2 0 3 1 0 3 
TEMMSF 0 0 1 4 0 4 
TEMMVA 0 0 1 0 0 1 
TEMMVI 0 0 1 2 0 4 
TEMMVP 0 0 1 0 0 1 
TEMPGP 2 0 2 3 0 6 
TEMPMG 0 0 0 4 0 6 
TEMPOG 0 0 1 5 0 3 
TEMPTP 1 0 1 7 0 7 
TEMSMP 0 0 1 7 0 5 
TEMSSS 0 0 1 5 0 6 
TEMSYF 0 0 1 5 0 6 
TEMSZS 0 0 0 0 0 0 
ULNCDA 0 0 0 0 0 0 
ULNDPR 0 0 0 1 0 0 
ULNNFM 1 0 0 2 0 3 
(table cont’d)       
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Landmark 
name 
Early pit 
Left 
Early pit 
Unsided 
Early pit 
Right 
Late pit 
Left 
Late pit 
Unsided 
Late pit 
Right 
ULNIIC 0 0 1 2 0 1 
ULNITN 3 0 1 2 0 3 
ULNMCP 3 0 0 1 0 3 
ULNLOP 3 0 2 0 0 3 
ULNDMS 0 0 0 4 0 3 
ULNPRA 0 0 0 0 0 0 
ULNMDE 0 0 0 0 0 0 
ULNMIC 0 1 1 2 0 1 
ULNMOP 3 0 2 0 0 3 
ULNMTN 3 0 2 2 0 3 
ULNRNA 3 0 1 2 0 3 
ULNRNI 2 0 0 0 0 1 
ULNRNS 2 0 1 0 0 2 
ULNSOP 3 0 2 0 0 3 
ULNSOP 3 0 2 0 0 3 
ULNSTN 2 0 2 0 0 3 
ULNSTP 0 0 0 0 0 0 
ULNULT 2 0 2 4 0 3 
ZYGFMS 1 0 1 2 0 4 
ZYGIFS 2 0 0 2 0 2 
ZYGJUG 1 0 1 2 0 2 
(table cont’d)       
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Landmark 
name 
Early pit 
Left 
Early pit 
Unsided 
Early pit 
Right 
Late pit 
Left 
Late pit 
Unsided 
Late pit 
Right 
ZYGLBE 2 0 1 2 0 4 
ZYGLMO 1 0 0 3 0 0 
ZYGZCF 1 0 1 3 0 2 
ZYGZMI 1 0 0 1 0 1 
ZYGZMS 1 0 0 1 0 1 
ZYGZOF 2 0 1 2 0 2 
ZYGZTF 1 0 1 2 0 1 
ZYGZTI 1 0 0 0 0 0 
ZYGZTS 1 0 1 2 0 0 
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APPENDIX D. MICROWEAR ANALYSIS FIGURES 
 
Figure D.1. Epoxy cast of mandibular right second molar from Burial #7 at 35X magnification. 
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Figure D.2. Epoxy cast of mandibular right second molar from commingled Burials #7, 8, and 9 
at 35X magnification. 
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Figure D.3. Epoxy cast of mandibular right second molar from Catalog #1754 at 35X 
magnification. 
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Figure D.4. Epoxy cast of maxillary right second molar from Burial #1 at 35X magnification. 
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Figure D.5. Epoxy cast of maxillary left second molar from Burial #5 at 35X magnification. 
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Figure D.6. Epoxy cast of maxillary second left molar from Catalog #1714 at 35X magnification. 
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Figure D.7. Epoxy cast of mandibular right second molar from Feature #6 at 35X magnification. 
 
191 
 
 
Figure D.8. Epoxy cast of mandibular right third molar from Feature #13 at 35X magnification. 
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Figure D.9. Epoxy cast of mandibular right third molar from Feature #6 at 35X magnification. 
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Figure D.10. Epoxy cast of maxillary right second molar from Feature #12 at 35X magnification. 
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Images: 
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